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(54) SYNCHRONOUS MOTOR DRIVING METHOD, COMPRESSOR DRIVING METHOD, DEVICE 
FOR THE METHODS, AND BRUSHLESS DC MOTOR DRIVING DEVICE 



(57) When torque control is performed for suppress- 
ing speed change within one rotation using a synchro- 
nous motor (6) controlled by an inverter (5) for a load 
having cyclic torque changing, an anrangement is 
employed which includes inverter control means (8) (10) 
for controlling the Inverter (5) so as to superpose a 



changing amount upon an amplitude and phase of a 
current waveform or voltage waveform, so that torque 
control is realized for reducing low speed vibration of a 
cyclic Intermittent load with maximum efficiency condi- 
tion and with practical arrangement. 
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Description 
Technical Field 

5 [0001] The present invention relates to a synchronous motor driving method, compressor driving method, device for 
the methods, and brushless DC motor driving device. More particularly, the present invention relates to a synchronous 
motor driving method for driving a synchronous motor such as a brushless DC motor or the like using an inverter and 
a device for the method, and a compressor driving method for driving a compressor using the synchronous motor which 
is driven by such method or device and a device for the method, and a brushless DC motor driving device for driving a 

10 brushless DC motor using an inverter. 

Background Art 

[0002] In the past a torque controlling technique (refer to the Patent Publication Gazett Tokukaihei 6-42789) is known 
15 which controls an input voltage or an input current of an inverter motor so that vibration following the change in rotation 
speed within one rotation of a compressor having one cylinder is decreased. 

[0003] Further, a brushless DC motor is devotedly employed as a driving source which is easier in torque controlling 
than an AC motor due to a position detection mechanism which is previously provided to the brushless DC motor. 
[0004] Among brushless DC motors, when a surface magnet arrangement brushless DC motor, in which a rotor has 
20 permanent magnets which are provided at a surface of the rotor, is employed and torque is controlled, a method for con- 
trolling a d-axis current to be 0 which gives no influence to motor torque generation, that is the method for controlling a 
phase of current to be the same phase as a phase of a generation voltage due to a motor speed (the phase of current 
equals to 0), Is known as a driving method which is free from lowering in efficiency, and Is widely employed because of 
simplification in control. 

25 [0005] On the other hand, an embedded magnet arrangement brushless DC motor, in which a rotor has permanent 
magnets which are embedded in an interior of the rotor, can simultaneously output two generation torques, that is a 
magnetic torque and a reluctance torque. Therefore, the embedded magnet arrangement brushless DC motor has a 
characteristic effect such that driving with higher efficiency than the surface magnet arrangement brushless DC motor 
is realized by determining distribution of the two torques to be adequate in response to a load torque so that the current 

30 is determined to have a minimum value and the total torque is determined to have a maximum value (hereinafter, 
referred to as "maximum torque control"). The embedded magnet arrangement brushless DC motor has developed in 
application to an air-conditioner or the like in recent years which is required energy saving especially. Further, a maxi- 
mum torque control method for controlling an embedded magnet arrangement brushless DC motor is recited in "a con- 
trolling method which is adequate to an embedded magnetic arrangement PM motor (Umekomi-jishaku-kouzou-PM- 

35 mota ni teWshita seigyohou)", Motimoyo et ah, Denki-gakkai Handoutai Denryoku Kenkyuukai Shiryou SPC-92-5. It is 
known that the maximum torque control is realized by controlling d-, and q-axis currents based upon a relational equa- 
tion which is determined based upon electrical constants of a motor. 

[0006] But. when the maximum torque control and the torque control are combined with one another, the following 
disadvantages arise. 

40 

(1) Modeling errors due to a motor temperature and magnetic saturation are generated so that a maximum torque 
condition is not satisfied constantly. And. for solving problems (specifically, changes in winding resistance and the 
speed electromotive force constant following an increase in temperature, and changes in d-, and q-axis inductance 
values and the speed electromotive force constant due to magnetic saturation) due to modeling errors of a motor, 

45 changes in various parameters due to temperature and magnetic saturation should be actually measured and are 
considered in operations. This is extremely difficult in actual application. 

(2) When the maximum torque control is combined with torque control which cancels harmonic components up to 
higher harmonics which gives little influence in vibration, electric power is consumed beyond the necessary amount 
so that driving with high efficiency is not realized. 

50 (3) A peak current is increased by the torque control so that the peak current is over the limit value of an inverter 
current. Therefore, an operation point should be shifted from an operation point of the maximum torque control so 
that efficiency is decreased accordingly. 

Disclosure of the Invention 

55 

[0007] The present invention was made in view of the above problems. 

[0008] It is an object of the present invention to offer a synchronous motor driving method, compressor driving 
method, and device for the methods, for realizing torque control which drives a cyclic Intermittent load in a maximum 
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efficiency condition, has a practical ao'angement. and decreases low speed vibration. 

[0009] It is another object of the present invention to offer a brushless DC motor driving device for enlarging a driving 
range and for improving efficiency. 

[0010] A synchronous motor driving method of a first embodiment according to the present invention is a method for 
5 superposing a varying amount upon an amplitude and a phase of a current waveform or voltage waveform when torque 
control is performed for suppressing speed change within one rotation by a synchronous motor controlled with an 
inverter which motor drives a load having a cyclic torque change. 

[001 1 ] A synchronous motor driving method of a second embodiment according to the present invention is a method 
for controlling a varying amount in phase based upon a varying amount in amplitude which is controlled based upon an 
10 output of a torque control section. 

[001 2] A synchronous motor driving method of a third embodiment according to the present invention is a method for 
controlling a varying amount in amplitude based upon a varying amount in phase which is controlled based upon an 
output of a torque control section. 

[0013] A synchronous motor driving method of a fourth embodiment according to the present invention is a method 
IS for controlling a varying'amount in amplitude based upon an output of a torque control section, and for controlling a var- 
ying amount in phase based upon a detection amount which is related to efficiency 

[0014] A synchronous motor driving method of a fifth embodiment according to the present invention is a method for 
controlling a varying amount in phase based upon an output of a torque control section, and for controlling a varying 
amount in amplitude based upon a detection amount which is related to efficiency. 
20 [0015] A synchronous motor driving method of a sixth embodiment according to the present invention is a method 
which employs an amount corresponding to a fundamental wave and lower harmonics as the varying amount. 
[001 6] A synchronous motor driving method of a seventh embodiment according to the present invention is a method 
which employs an amount corresponding to a fundamental wave as the varying amount. 

[0017] A synchronous motor driving method of an eighth embodiment according to the present invention is a method 

25 for superposing a third harmonic upon the varying amount in amplitudes. 

[001 8] A synchronous motor driving method of a ninth embodiment according to the present invention further includes 
a method for detecting a magnetic pole position of a rotor of the synchronous motor by integrating a difference between 
a first center point voltage and a second center point voltage, the first center point voltage being obtained by resist- 
ances, each having one end which is connected to an output terminal of each phase of the inverter and another end 

30 which is connected to one another, and the second center point voltage being obtained by connecting one end of a sta- 
tor winding of each phase of the synchronous motor to one another. 

[001 9] A compressor driving method of a tenth embodiment according to the present invention is a method for driving 
a one cylinder compressor using a synchronous motor which is driven by the synchronous motor driving method of one 
of the first to ninth embodiments. 

35 [0020] A synchronous motor driving device of an eleventh embodiment according to the present invention includes 
inverter control means for controlling an inverter so as to superpose a varying amount upon an amplitude and a phase 
of a current waveform or voltage waveform when torque control is performed for suppressing speed change within one 
rotation by a synchronous motor controlled with an inverter which motor drives a load having a cyclic torque change. 
[0021] A synchronous motor driving device of a twelfth embodiment according to the present invention employs 

40 means for controlling a varying amount in phase based upon a varying amount in amplitude which is controlled based 
upon an output of a torque control section, as the inverter control means, 

[0022] A synchronous motor driving device of a thirteenth embodiment according to the present invention employs 
means for controlling a varying amount in amplitude based upon a varying amount in phase which is controlled based 
upon an output of a torque control section, as the inverter control means. 

45 [0023] A synchronous motor driving device of a fourteenth embodiment according to the present invention employs 
means for controlling a varying amount in amplitude based upon an output of a torque control-section and for controlling 
a varying amount in phase based upon a detection amount corresponding to efficiency as the inverter control means. 
[0024] A synchronous motor driving device of a fifteenth embodiment according to the present invention employs 
means for controlling a varying amount in phase based upon an output of a torque control section and for controlling a 

50 varying amount in amplitude based upon a detection amount corresponding to efficiency, as the inverter control means. 
[0025] A synchronous motor driving device of a sixteenth embodiment according to the present invention employs 
means for employing an amount corresponding to a fundamental wave and lower harmonics as the varying amount, as 
the inverter control means. 

[0026] A synchronous motor driving device of a seventeenth embodiment according to the present invention employs 
55 means for employing an amount corresponding to a fundamental wave as the varying amount, as the inverter control 
means. 

[0027] A synchronous motor driving device of an eighteenth embodiment according to the present invention employs 
means for superposing a third harmonic upon the varying amount in amplitude, as the inverter control means. 
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[0028] A synchronous motor driving device of a nineteenth embodiment according to the present invention further 
includes resistances, each having one end which is connected to an output terminal of each phase of the inverter and 
another end which is connected to one another so that a first center point voltage is obtained, wherein each stator wind- 
ing of each phase of the synchronous motor is connected at one end to one another so that a second center point volt- 
5 age is obtained, and further includes integration means for integrating a difference between the first center point voltage 
and the second center point voltage and for obtaining an integration signal, and further includes magnetic pole position 
detection means for detecting a magnetic pole position of a rotor of the synchronous motor based upon the integration 
signal 

[0029] A compressor driving device of a twentieth embodiment according to the present invention is a device for drlv- 
10 ing a one cylinder compressor using a synchronous motor which Is driven by the synchronous motor driving device 
according to one of eleventh to nineteenth embodiments. 

[0030] A brushless DC motor driving device of a 21 -th embodiment according to the present invention includes resist- 
ances, each having one end which is connected to an output terminal of each phase of an inverter and another end 
which is connected to one another so that a first center point voltage is obtained, wherein each stator winding of each 

IS phase of a brushless DC motor Is connected at one end to one another so that a second center point voltage Is 
obtained, and includes integration means for integrating a difference betvyeen the first center point voltage and the sec- 
ond center point voltage and for obtaining an integration signal, magnetic pole position detection means for detecting a 
magnetic pole position of a rotor of the brushless DC motor based upon the integration signal, inverter control means 
for controlling the inverter so that a changing voltage which is advanced with respect to a phase of a load torque is 

20 superposed upon an average value voltage command in synchronism with intermlttence of the load torque for applying 
to the brushless DC motor, and peak value changing suppression means for suppressing changes in the peak value of 
the integration signal. 

[0031] A brushless DC motor driving device of a 22>nd embodiment according to the present Invention employs the 
peak value changing suppression means which includes division means for dividing an inverter interval, judgment 
25 means for judging whether the integration signal level is great or small for every divided interval, and inverter voltage 
phase control means for retarding the inverter voltage phase responding to the judgment result representing that the 
level of the integration signal is great and for advancing the inverter voltage phase responding to the judgment result 
representing that the level of the integration signal is small. 

[0032] A brushless DC motor driving device of a 23-rd embodiment according to the present invention includes resist- 
30 ances. each having one end which is connected to an output terminal of each phase of an inverter and another end 
which is connected to one another so that a first center point voltage Is obtained, wherein each stator winding of each 
phase of a brushless DC motor is connected at one end to one another so that a second center point voltage is 
obtained, and includes integration means for integrating a difference between the first center point voltage and the sec- 
ond center point voltage and for obtaining an integration signal, magnetic pole position detection means for detecting a 
35 magnetic pole position of a rotor of the brushless DC motor based upon the integration signal, inverter control means 
for controlling the Inverter so that a changing phase which is advanced with respect to a phase of a load torque is super- 
posed upon an average value phase command in synchronism with intermittence of the load torque for applying to the 
brushless DC motor, and peak value changing suppression means for suppressing changes in the peak value of the 
integration signal. 

40 [0033] A brushless DC motor driving device of a 24-th embodiment according to the present invention employs the 
peak value changing suppression means which includes division means for dividing an inverter interval, judgment 
means for judging whether the integration signal level is great or small for every divided interval, and inverter voltage 
amplitude control means for increasing the inverter voltage amplitude responding to the judgment result representing 
that the level of the integration signal is great and for decreasing the inverter voltage amplitude responding to the judg- 
45 ment result representing that the level of the integration signal is small. 

[0034] When the synchronous motor driving method of the first embodiment according to the present invention is 
employed, the varying amount is superposed upon the amplitude and the phase of the current waveform or voltage 
waveform when the torque control is performed for suppressing speed change within one rotation by the synchronous 
motor controlled with the inverter which motor drives the load having the cyclic torque change. Therefore, a torque con- 
so trolling is realized which drives the load having the cyclic intermittence in a maximum efficiency condition (or in a higher 
efficiency condition) using a practical arrangement so that the vibration st a low speed is decreased. The operation is 
described in more detail. 

[0035] When the scope of the maximum torque controlling method for the embedded magnet arrangement brushless 
DC motor is applied to a case in which a cyclic load having intermittent load torque within one rotation Is employed, it 
55 is understood that a current amplitude and a current phase are sufficient to be changed within one rotation, as illus- 
trated in Fig. 3. That is. it is understood that complicated operations based upon the model for the maximum torque con- 
trolling method can be replaced with a simple wave controlling amount. Therefore, maximum torque control Is realized 
accurately by properly correcting the direct current component and the changing component of the current amplitude 
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and the current phase as illustrated in Fig. 3 at every driving condition. Of course, the voltage amplitude and the voltage 
phase may be changed within one rotation as illustrated in Fig. 2 or Fig. 4 instead of changing the current amplitude 
and the current phase within one rotation. 

[0036] When the synchronous motor driving method of the second embodiment according to the present invention is 
5 employed, the varying amount in phase is controlled based upon the varying amount in amplitude which is controlled 
based upon the output of the torque control section. Therefore, operations similar to those of the first embodiment are 
performed. 

[0037] When the synchronous motor driving method of the third embodiment according to the present invention is 
employed, the varying amount in amplitude is controlled based upon the varying amount in phase which is controlled 
10 based upon the output of the torque control section. Therefore, operations similar to those of the first embodiment are 
performed. 

[0038] When the synchronous motor driving method of the fourth embodiment according to the present invention is 
employed, the varying amount in amplitude is controlled based upon the output of the torque control section, and the 
varying amount in phase is controlled based upon the detection amount which is related to efficiency Therefore, the 

15 control including iron losses Is realized, the iron losses not being considered in the maximum torque controlling method. 
Also, operations similar to those of the first embodiment are performed. With respect to this point, minimizing in motor 
current Is merely minimizing copper losses when the scope of the maximum torque controlling method is employed. 
Further, a scope of maximum efficiency control Is disclosed in "driving method of a brushless DC motor with high effi- 
ciency and with saving in energy (burashiresu DC mota no shou-enerugi- koukouritsu untenhou)". Morimoto et al„ Den- 

20 gakuron D. vol. 1 1 2-3. pp. 285 (Hel 4-3). but the problem in modeling errors exists which is similar to the problem (1 ) of 
the maximum torque control because the iron losses are determined to be constant. Therefore, the control including 
iron losses is realized by employing the method of the fourth embodiment. 

[0039] When the synchronous motor driving method of the fifth embodiment according to the present invention is 
employed, the varying amount in phase is controlled based upon the output of the torque control section, and the var- 
25 ying amount in amplitude is controlled based upon the detection amount which is related to efficiency Therefore, the 
control including iron losses is realized which were not considered in the maximum torque controlling method. Further, 
operations similar to those of the first embodiment are performed. 

[0040] When the synchronous motor driving method of the sixth embodiment according to the present invention Is 
employed, the amount corresponding to the fundamental wave and lower harmonics are employed as the varying 
30 amount. Therefore, operations similar to those of the first to fifth embodiments are performed. The operation is 
described in more detail. 

[0041] Among harmonic wave components of a load torque waveform, a band of changing components of a current 
amplitude or current phase are easily limited to harmonic wave components which give great influence to vibration {for 
example, first order harmonic wave and second order harmonic wave for a one cylinder compressor which is an inter- 
35 mittent load: higher torque changing components give little influence to a change in rotation and vibration due to the. 
change in rotation, because the flywheel effect (effect of moment of Inertia) Is improved following a frequency}. Unnec- 
essary electric power consumption is prevented due to the above operation, so that driving with higher efficiency is pos- 
sible. Of course, a voltage may be employed instead of the current. 

[0042] When the synchronous motor driving method of the seventh embodiment according to the present invention Is 
40 employed, the amount corresponding to the fundamental wave is employed as the varying amount. Therefore, opera- 
tions similar to those of the first to fifth embodiments are performed. Further, unnecessary electric power consumption 
is prevented due to the above operation, so that driving with higher efficiency is possible. 

[0043] When the synchronous motor driving method of the eighth embodiment according to the present invention Is 
employed, the third harmonic is superposed upon the varying amount in amplitude. Therefore, the peak current Is sup- 
45 pressed with ease, and the limitation of the upper limit of the inverter current is raised, so that driving at an optimum 
driving point Is possible within a wider extent of load torque. Further, operations similar to those of first to fifth embodi- 
ments are performed. Furthermore, scarce influence of superposing of the third harmonic upon the vibration exists 
because of the operation of the moment of inertia. 

[0044] When the synchronous motor driving method of the ninth embodiment according to the present invention is 
so employed, the magnetic pole position of the rotor of the synchronous motor is detected by integrating the difference 
between the first center point voltage and the second center point voltage, the first center point voltage being obtained 
by resistances, each having one end which is connected to an output terminal of each phase of the inverter and another 
end which is connected to one another, and the second center point voltage being obtained by connecting one end of 
a stator winding of each phase of the synchronous motor to one another. Therefore, providing of a Hall element, 
55 encoder or the like is not required for detecting the magnetic pole position. Further, operations similar to those of the 
first to eighth embodiments are performed. 

[0045] When the compressor driving method of the tenth embodiment according to the present invention is employed, 
the one cylinder compressor is driven using a synchronous motor which is driven by the synchronous motor driving 
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method according to one of the first to ninth embodiments. Therefore, saving of consumption of energy and reducing of 
cost are realized. 

[0046] When the synchronous motor driving device of the eleventh embodiment according to the present invention is 
employed, the inverter is controlled by the inverter control means so as to superpose a varying amount upon an ampli- 
5 tude and a phase of a current waveform or voltage waveform when a torque control is performed for suppressing speed 
change within one rotation by a synchronous motor controlled with an inverter which motor drives a load having a cyclic 
torque change. Therefore, a torque control is realized which drives the load having the cyclic intermittence under a max- 
imum efficiency condition (or In a higher efficiency condition) using a practical arrangement so that the vibration in a low 
speed is decreased. 

10 [0047] When the synchronous motor driving device of the twelfth embodiment according to the present invention is 
employed, means for controlling a varying amount in phase based upon a varying amount in amplitude which is con- 
trolled based upon an output of a torque control section are employed as the inverter control means. Therefore, opera- 
tions similar to those of the eleventh embodiment are performed. 

[0048] When the synchronous motor driving device of the thirteenth embodiment according to the present invention 
15 is employed, means for controlling a varying amount In amplitude based upon a varying amount in phase which is con- 
trolled based upon an output of a torque control section are employed as the inverter control means. Therefore, opera- 
tions similar to those of the eleventh embodiment are performed. 

[0049] When the synchronous motor driving device of the fourteenth embodiment according to the present invention 
is employed, means for controlling a varying amount in amplitude based upon an output of a torque control section and 

20 for controlling a varying amount in phase based upon a detection amount corresponding to efficiency are employed as 
the inverter control means. Therefore, control including iron losses is realized, the iron losses not being considered in 
the maximum torque controlling method. Also, operations similar to those of the eleventh embodiment are performed. 
[0050] When the synchronous motor driving device of the fifteenth embodiment according to the present Invention is 
employed, means for controlling a varying amount in phase based upon an output of a torque control section and for 

25 controlling a varying amount in amplitude based upon a detection amount corresponding to efficiency are employed as 
the inverter control means. Therefore, control including iron losses is realized, the iron losses not being considered in 
the maximum torque controlling method. Also, operations similar to those of the eleventh embodiment are performed. 
[0051] When the synchronous motor driving device of the sixteenth embodiment according to the present invention 
is employed, means for employing an amount corresponding to a fundamental wave and lower harmonics as the vary- 

30 ing amount are employed as the inverter control means. Therefore, operations similar to those of one of the eleventh to 
fifteenth embodiments are performed. Further, unnecessary electric power consumption is prevented due to the above 
operation, so that driving with higher efficiency is possible. 

[0052] When the synchronous motor driving device of the seventeenth embodiment according to the present invention 
is employed, means for employing an amount corresponding to a fundamental wave as the varying amount are 
35 employed as the inverter control means. Therefore, operations similar to those of one of the eleventh to fifteenth embod- 
iments, are performed. Further, unnecessary electric power consumption is prevented due to the above operation, so 
that driving with higher efficiency is possible. 

[0053] When the synchronous motor driving device of the eighteenth embodiment according to the present invention 
. Is employed, means for superposing a third harmonic upon the varying amount in amplitude are employed as the 
40 inverter control means. Therefore, the peak current is suppressed with ease, and the limitation of the upper limit of the 
Inverter current is raised, so that driving at an optimum driving point is possible within a wider extent of load torque. Fur- 
ther, operations similar to those of one of the eleventh to fifteenth embodiments are performed. Furthermore, scarce 
influence of superposing of the third harmonic upon the vibration exists because of the operation of the moment of iner- 
tia. 

45 [0054] When the synchronous motor driving device of the ninteenth embodiment according to the present invention 
is employed, the first center point voltage is obtained using the resistances, each haying one end which is connected 
to an output terminal of each phase of the inverter and another end which is connected to one another, the second 
center point voltage is obtained using the stator winding each of which of each phase of the synchronous motor is con- 
nected at one end to one another, and the difference between the first center point voltage and the second center point 

50 voltage is integrated by the integration means so that the integration signal is obtained, and the magnetic pole position 
of a rotor of the synchronous motor is detected by the magnetic pole position detection means based upon the integra- 
tion signal. Therefore, providing a Hall element, encoder or the like is not required for detecting the magnetic pole posi- 
tion. Further, operations similar to those of one of the eleventh to eighteenth embodiments are performed. 
[0055] When the compressor driving device of the twentieth embodiment according to the present invention is 

55 employed, the one cylinder compressor is driven using the synchronous motor which is driven by the synchronous 
motor driving device according to one of the eleventh to ninteenth embodiments. Therefore, saving of energy and 
reduction of cost are realized. Operations are described in more detail, 

[0056] When three phases/d-. q-coordlnates conversion of a synchronous motor is represented as the formula (1), 
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the voltage equation of the synchronous motor is represented as the formula (2), and the generation torque is given as 

the equation (3) using d-. and q-axis currents. Wherein, the d-axis is an axis which represents a direction of magnetic 
flux which is generated by permanent magnets, and the q-axis Is an axis which is shifted by 90 degrees electrically from 
the d-axis. 



10 



u 

V 

w 



CQsB ' ,-sinO 
cos(B +^), .sin(0 + 



( 1 ) 



75 



R + 5;- Ik,, -co- 1^ 
_ w Lq , R + s- Ld 



4sl 



(2) 



20 



Xm=P{Ke-iq+{Lq-Lc)-id-iq} . 

25 [00571 Wherein, voltages applied to the synchronous hnotor are represented as the formula (4) which is obtained by 
transforming the formula (1). The applied voltages of the synchronous motor are calculated using the formula (2) and 
formula (4). 
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[0058] Wherin 



40 



a=tan'\-^) 



[0059] Wherein, p represents a number of pairs of magnetic poles, R represents a winding resistance. Ld, Lq repre- 
45 sent self-inductances which are transformed to the d-. q-coordinates system, Ke represents a constant of speed elec- 
tromotive voltage. Further, Q represents an electric angle. 

[0060] When a surface magnet arrangement synchronous motor is employed, Lq = 16, therefore it is understood from 
the equation (3) that the d-axis current gives no influence to torque. Consequently, it is sufficient that the d-axis current 
is controlled to be 0 for minimizing the motor current, that is for performing torque control with higher efficiency When 
50 this condition is applied to the formula (5). it is understood that a desired current phase is 0 (fixed). But, it is understood 
that the current phase should be changed as illustrated in Fig. 2 even when the current phase at the maximum torque 
control becomes a fixed value. 
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IS [0061 1 Wherein, Fig. 2 represents a simulation result of changing components in voltage amplitude and voltage phase 
under the condition that the current phase is determined to be 0 rad for performing torque control efficiently when the 
surface magnet arrangement brushless DC motor (equipment constants: p = 2, Ld = Lq = 5 [mH] . Ke = 0.11 [V*s/rad] . 
R = 0.5 t ], power frequency: o) = 27c*30 [rad/s] ) is employed. The changing component in phase becomes smaller 
because the inductance is smaller than the inductance of an embedded magnet arrangement brushless DC motor. 

20 Therefore, the efficiency improvement effect of the torque control in which the voltage amplitude and voltage phase are 
changed, is smaller than that of the embedded magnet arrangement brushless DC motor. But. efficiency improvement 
effect of the torque control is obtained by employing the surface magnet arrangement brushless DC motor and by 
changing the voltage amplitude and voltage phase. 

[0062] On the other hand, from the above document of "a controlling method which is adequate to an embedded mag- 
25 netic arrangement PM motor (Umekomi-jishaku-kouzou-PM-mota ni tekishita seigyohou)". the maximum torque (mini- 
mizing motor current) condition of the embedded magnet arrangement synchronous motor is given by d-, and q-axis 
currents in the formula (6). The generation torque under this condition is represented by the formula (7) which is 
obtained from the formula (3) and formula (6). 
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ffherin . p = Lq/LdT-fe^>, 
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T ^=p{0.5 • • j q+0.5 . i qK+4-(1-p)^-L^i^} (7) 

45 [0063] That is. it is understood that the distribution of the d-, and q- axis currents should be adjusted suitably respond- 
ing to the size of the torque when the torque control is performed for minimizing the motor current. 
[0064] Further, for a reluctance motor (a motor driven by reluctance torque only) which is one species of synchronous 
motor, it is understood that the current phase of 45 degrees is the maximum torque control condition by determining the 
speed electromotive voltage constant to be 0 In the equation (6). In the reluctance motor, a designing is popularly car- 

50 ried out that the inductance L is determined to be great for obtaining a reluctance torque, so that the changing compo- 
nent in voltage phase should be determined to be great. Therefore, efficiency improvement effect which is similar to that 
of the embedded magnet arrangement brushless DC motor is realized by performing torque control by changing the 
voltage amplitude and voltage phase. 

[0065] Wherein, it is considered based upon the formula (6) and formula (7) that a load such as a compressor which 
55 changes its load torque within one rotation is driven by the embedded magnet arrangement brushless DC motor (equip- 
ment constants: p = 2. Ld = 8.7 [mH], Lq = 22.8 [mH], Ke = 0.l1 [V*s/rad] . R = 0.5 [ ]. power frequency: 
G) = 27c*30 [rad/s] ). and it is understood that the d-. and q-axis currents should be changed corresponding to rotation 
position (magnetic pole position) of the rotor as illustrated in Fig. 1. 
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[0066] Further, when the obtained d-. and q- axis currents in Fig. 1 are transformed into the amplitude and phase of 
the real current using the formula (5). the amplitude and phase are obtained as illustrated in Fig 3 It is understood that 
the current amplitude and current phase should be changed for generating a motor torque which is coincident to the 
intermittent load under the condition that the motor current is minimized. Based upon this knowledge, the toipue control 
with minimized motor current is realized by employing the simple control which adjusts the size and phase of the chang- 
ir^ components in the cun-ent amplitude and in the cun-ent phase. Therefore, complicated operations using many mod- 
eling constants are not required, and a man-hour for measuring many modeling constants under each condition for 
considenng the influence of temperature rising and magnetic saturation is not required. 

[0067] Furthermore, when the required applied voltages are obtained using the formula (2) and formula (4) the 
applied voltages are obtained as illustrated in Fig. 4. It is understood that the amplitude and phase in the applied volt- 
f<Efcof ^'^^"S^^ synchronism with the intermittence in the load torque, as is similar as of the motor currents 

[0068] Further, dashed lines in Fig. 3 and Fig. 4 represent an average value of the waveform 
[0069] When the brushless DC motor driving device of the 21 -st embodiment accoiding to the present invention is 
employed, the first center point voltage is obtained using resistances, each having one end which is connected to an 
output terminal of each phase of the inverter and another end which is connected to one another, the second center 
point voltage is obtained using each stator winding of each phase of the brushless DC motor which is connected at one 
end to one another, the difference between the first center point voltage and the second center point voltage is inte- 
grated by the integration means so that the integration signal is obtained, the magnetic pole position of a rotor of the 
brushless DC motor is detected by the magnetic pole position detection means based upon the integration signal 
inverter control means for controlling an inverter so that the changing voltage which is advanced with respect to the 
phase of the load torque is superposed upon the average value voltage command in synchronism with intermittence of 
the load torque for applying to the brushless DC motor by the inverter control means using the inverter And during this 
operation, the changes in peak value of the integration signal are suppressed by the peak value changing suppression 
means. 

[0070] Therefore, a disadvantage is greatly suppressed in that beat phenomena is generated due to coincidence of 
the integration signal and the motor cycle. Consequently, magnetic pole position detection signal is stabilized so that 
the driving range of the brushless DC motor is enlarged. Further, efficiency of the brushless DC motor is improved 
[0071 ] When the brushless DC motor driving device of the 22-nd embodiment according to the present invention is 
employed, for suppressing changes in the peak value of the integration signal, the inverter interval is divided by the divi- 
sion means, and the level of the integration signal is judged at every divided interval by the judgment means whether 
the level is great or small. And. the inverter voltage phase is retarded responding to the judgment result representing 
that the level of the integration signal is great and the inverter voltage phase is advanced responding to the judgment 
result representing that the level of the integration signal is small by the inverter voltage phase control means 
[0072] Therefore, operations similar to those of the 21 -st embodiment are performed. 

[0073] When the brushless DC motor driving device of the 23-rd embodiment according to the present invention is 
employed, the first center point voltage is obtained using resistances, each having one end which is connected to an 
output terminal of each phase of the inverter and another end which is connected to one another, the second center 
point voltage is obtained using each stator winding of each phase of the brushless DC motor which is connected at one 
end to one another, and the difference between the first center point voltage and the second center point voltage is inte- 
grated by the integration means so that the integration signal is obtained, the magnetic pole position of the rotor of the 
brushless DC motor is detected by the magnetic pole position detection means based upon the integration signal the 
changing phase which is advanced with respect to the phase of the load torque is superposed upon the average vklue 
phase command in synchronism with imermittence of the load torque for applying to the bmshless DC motor by the 
inverter control means using the inverter. And, during this operation, changes in peak value of the integration signal are 
suppressed by the peak value changing suppression means. 

[0074] Therefore, a disadvantage is greatly suppressed in that beat phenomenon is generated due to coincidence of 
the integration signal and the motor cycle. Consequently, the magnetic pole position detection signal is stabilized so that 
the driving range of the brushless DC motor is enlarged. Further, efficiency of the brushless DC motor is improved 
[0075] When the brushless DC motor driving device of the 24-th embodiment according to the present invention is 
employed, for suppressing changes of the peak value of the integration signal, the inverter interval is divided by the divi- 
sion means, and the integration signal is judged whether its level is great or small for every divided interval by the judg- 
ment means. And. the inverter voltage amplitude is increased responding to the judgment result representing that the 
level of the integration signal is great and the inverter voltage amplitude is decreased responding to the judgment result 
representing that the level of the integration signal is small by the inverter voltage amplitude control means. 
[0076] Therefore, operations similar to those of the 23-rd embodiment are performed. 
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Brief Description of the Drawings 
[0077] 

5 Figures 1 are charts illustrating relationship between a position angle of a rotor and a torque, relationship between 

the torque and d-. and q-axis currents, and relationship between the position angle of the rotor and the d-. and q- 
axis currents, respectivety; 

Figures 2 are charts illustrating simulation results of changing components in voltage amplitude and voltage phase 
under the condition that a current phase Is determined to be 0 rad in a surface magnet arrangement brushless DC 
10 motor, and a fundamental wave of a load torque, respectively: 

Figures 3 are charts illustrating phase and amplitude of motor current of each phase for obtaining the d-, and q-axis 
currents illustrated in Figs. 1 , and the fundamental wave of the load torque, respectively; 

Figures 4 are charts illustrating the phase and amplitude of a motor applied voltage of each phase for obtaining the 
d-, and q-axis currents illustrated in Figs. 1 ; 
IS Figure 5 is a block diagram illustrating an embodiment of a synchronous motor driving device according to the 
present invention; 

Figure 6 is a flowchart useful in understanding the operation of the synchronous motor driving device illustrated in 
Fig. 5; 

Figure 7 is a block diagram illustrating another embodiment of a synchronous motor driving device according to the 
?o present Invention; 

Figure 8 is a flowchart useful in understanding the operation of the synchronous motor driving device illustrated in 
Fig. 7; 

Figure 9 is a block diagram illustrating a further embodiment of a synchronous motor driving device according to 
the present invention; 

?5 Figure 10 is a flowchart useful in understanding the operation of the synchronous motor driving device illustrated 
in Fig. 9; 

Figure 1 1 is a block diagram illustrating yet another embodiment of a synchronous motor driving device according 
to the present invention ; 

Figure 12 is a flowchart useful in understanding the operation of the synchronous motor driving device illustrated 
JO in Fig. 11; ' 

Figure 13 is a block diagram illustrating yet further embodiment of a synchronous motor driving device according 
to the present invention; 

Figure 14 is a flowchart useful in understanding the operation of the synchronous motor driving device illustrated 
in Fig. 13; 

?5 Figure, 15 is a block diagram illustrating a further embodiment of a synchronous motor driving device according to 

the present invention; 

Figure 16 is a chart illustrating the relationship between the compression torque and the rotational angle of the one 
cylinder compressor; 

Figure 17 is a chart illustrating the frequency distribution of the compression torque; 
to Figure 18 is a block diagram illusti-ating a further embodiment of a synchronous motor driving device according to 
the present invention; 

Figure 19 is a flowchart useful in understanding the operation of the synchronous motor driving device illustrated 
in Fig. 18; 

Figures 20 are charts Illustrating changing in torque, current amplitude, current phase when a third order harmonic 
15 in a current waveform is adjusted so that the third order harmonic which has a size of about 10 % with respect to a 
size of fundamental wave of the torque is superposed upon the torque waveform; 

Figure 21 is an electric circuiti-y diagram illustrating a yet further embodiment of a synchronous motor driving device 
according to the present invention; 

Figure 22 is a block diagram illustrating an arrangement of the microprocessor illustrated in Fig. 21 ; 

io Figure 23 is a diagram illustrating a control model corresponding to Fig. 21 ; 

Figure 24 is a flowchart useful In understanding an interruption operation 1 illustrated in Fig. 22; 
Figure 25 is a flowchart useful in understanding an interruption operation 2 illustrated in Fig. 22; 
Figure 26 is a flowchart useful in understanding an interruption operation 3 illustrated in Fig. 22; 
Figures 27 are charts illustrating signal waveforms of each section of the synchronous motor driving device illus- 

'*$ trated in Fig. 21 and Fig. 22; 

Figures 28 are charts illustrating changes in line voltage amplitude, voltage phase, phase current, and inverter DC 
current when an actual device is driven by controlling the voltage phase and voltage amplitude, each being control- 
led in connection to the other, based upon the scope of the maximum torque control; 
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Figures 29 are charts Illustrating changes In line voltage amplitude, voltage phase, phase current, and inverter DC 
current when an actual device is driven by controlling the voltage phase and voltage amplitude, each being control- 
led not in connection to the other, based upon the scope of the maximum torque control; 

Figure 30 is a block diagram illustrating an arrangement of a microprocessor which is a main section of a further 
s embodiment of a synchronous motor driving device according to the present invention; 

Figure 31 is a flowchart useful in understanding the operation of an Interruption operation 1 illustrated in Fig. 30; 
Figures 32 are charts illustrating signal waveforms of each section of the synchronous motor driving device illus- 
trated in Fig. 21 and Fig, 30; 

Figure 33 is a block diagram illustrating an arrangement of a microprocessor which is a main section of a yet further 
10 embodiment of a synchronous motor driving device according to the present invention; 

Figure 34 is a flowchart useful in understanding an operation for obtaining a compensation phase amount com- 
mand; 

Figure 35 Is a chart Illustrating the relationship between the integration signal level and the phase changing com- 
ponent amplitude; 

IS Figure 36 is a block diagram illustrating an arrangement of a microprocessor which is a main section of an embod- 
iment of a brushless DC motor driving device according to the present invention; 

Figure 37 Is a flowchart useful in understanding an operation of the interruption operation 1 illustrated in Fig. 36; 
Figure 38 is a flowchart useful in understanding an operation of the interruption operation 2 illustrated in Fig. 36; 
Figures 39 are charts illustrating signal waveforms of each section of the brushless DC motor driving device illus- 
20 trated in Fig. 36; 

Figure 40 is a chart illustrating the relationship between the integration signal level and the phase changing com- 
ponent amplitude; 

Figures 41 are charts illustrating an integration signal, motor speed, compensation voltage pattern, and compen- 
sation phase pattern when the brushless DC motor driving device illustrated in Fig. 36 is applied; 
25 Figures 42 are charts illustrating an integration signal, motor speed, and compensation voltage pattern when the 
inverter voltage phase is not changed; 

Figure 43 is a block diagram illustrating an arrangement of a microprocessor which is a main section of another 
embodiment of a brushless DC motor driving device according to the present invention; 

Figure 44 is a flowchart useful in understanding an operation of the interruption operation 1 illustrated in Fig. 43; 
30 Figures 45 are charts illustrating signal waveforms of each section of the brushless DC motor driving device illus- 

trated in Fig. 43, and operation contents; 

Figure 46 is a block diagram illustrating an arrangement of a microprocessor which is a main section of a further 
embodiment of a brushless DC motor driving device according to the present invention; 

Figure 47 is a flowchart useful in understanding an operation of a partial section of the interruption operation 1 illus- 
35 trated in Fig. 46; 

Figure 48 is a flowchart useful in understanding an operation of a remaining section of the Interruption operation 1 
Illustrated In Fig. 46; 

Figure 49 is a block diagram Illustrating an arrangement of a microprocessor which is a main section of yet another 
embodiment of a brushless DC motor driving device according to the present invention; 
40 Figure 50 Is a flowchart useful in understanding an operation of a partial section of the interruption operation 1 1llus- 
trated in Fig. 49; and 

Figure 51 is a flowchart useful In understanding an operation of a remaining section of the interruption operation 1 
illustrated in Fig. 49. 

45 Best Mode for Carrying Out the Invention 

[0078] Hereinafter, referring to the attached drawings, we explain the embodiments of the present invention in detail. 
[0079] Fig. 5 is a block diagram Illustrating an embodiment of a synchronous motor driving device according to the 
present invention. 

so [0080] This synchronous motor driving device includes a speed deviation calculation section 1 for calculating a devi- 
ation between a speed command ©* and a motor speed cd, a speed controlling section 2 for outputting an average value 
command of a current amplitude by inputting the calculated deviation and by carrying out a predetermined operation 
(for example, PI operation (proprtlonal and integral operation)}, a current amplitude command output section 3 for add- 
ing the average value command of the current amplitude and a changing component of the current anplitude at every 

55 rotation position output from a torque control section 10 (described later) and for outputting a current amplitude com- 
mand, a three phase alternate current calculating section 4 for inputting the current amplitude command and a current 
phase command output from a current phase command output section 1 1 (described later) and for outputting a three 
phase alternate current command based upon a formula (8) for example, a current-fed inverter 5 for inputting the three 
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phase alternate current command, a synchronous motor 6 to which Is applied the output of the current-ted inverter 5. a 
rotor position detecting section 7 for detecting a pole position of a rotor of the synchronous motor 6 and for outputting 
a position angle 6 therefrom, a speed calculating section 9 for inputting the position angle e and for calculating and out- 
putting a motor speed therefrom, the torque control section 10 for inputting the motor speed © and position angle 9, for 
carrying out a torque control operation, and for outputting a changing component of the current amplitude at every rota- 
tion position, a phase control section 8 for inputting the changing component of the current amplitude at every rotation 
position, for carrying out a phase control operation (for example, a predetermined coefficient is multiplied and a phase 
shifting operation is carried out), and for calculating and outputting a changing component command of a current phase, 
and the current phase command output section 11 for adding an average phase command * which is obtained by a 
manner which is known in the past and the changing component command and for calculating and outputting the cur- 
rent phase command therefrom. 
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25 [0081] Further, the rotor position detecting section 7 is exemplified as a rotation position sensor such as an encoder 
and a counter circuitry for the output therefrom, a position detecting circuitry for performing filtering to a motor terminal 
voltage, a circuitry for carrying out position calculation from electrical parameters of a motor and the like. 
[0082] Furthermore, in this embodiment and following embodiments, the synchronous motor 6 is exemplified as a sur- 
face magnet arrangement brushless DC motor, an embedded magnet arrangement brushless DC motor, a reluctance 

30 motor and the like. 

[0083] Fig. 6 is a flowchart useful in understanding an operation of the synchronous motor driving device illustrated 
in Fig. 5. 

[0084] In step SP1 , a rotor position (position angle) 9 is input, in step SP2, a rotation speed (motor speed) a> is cal- 
culated from the rotor position , in step SP3, a difference between a real speed 9 and a speed command co* is applied 

35 a PI operation (proportional, integral operation) and an average current amplitude command is obtained, in step SP4, 
the torque control operation Is carried out by Inputting the real speed © and the rotor position 6 so that a changing com- 
ponent of the current amplitude is obtained from a changing component of the real speed, in step SP5. the average cur- 
rent amplitude command and the changing component of the current amplitude are added so as to obtain and 
memorize an amplitude command, in step SP6, the changing component of the current amplitude is multiplied with a 

40 coefficient, then is shifted so as to obtain a changing component of a current phase (wherein, the coefficient, and a 
shifting amount are determined experimentally, for example), in step SP7, an average phase command p* from the 
exterior and the changing component of the current phase are added so as to obtain and memorize a phase command, 
in step SP8, the memorized current amplitude and phase command are supplied to the three phase alternate current 
calculating section, in step SP9, a current of each phase is obtained and is supplied to the current-fed inverter, then the 

45 operation returns to an original processing. 

[0085] Therefore, reduction in vibration is realized by adding the average current amplitude command and the chang- 
ing component of the current amplitude so as to obtain the amplitude command. Also, improvement in efficiency is real- 
ized by adding the average phase command p* from the exterior and the changing component of the current phase so 
as to obtain the phase command. As a result, a cyclic intermittent load is applied torque control under a maximum effi- 

50 ciency condition so that vibration is reduced. 

[0086] Fig. 7 is a block diagram illustrating another embodiment of the synchronous motor driving device according 
to the present invention. 

[0087] This synchronous motor driving device Is different from the synchronous motor driving device illustrated in Fig. 
5 in that a currents deviation calculating section 5d for calculating a deviation between the three phase alternate current 
55 command and a winding current detection value which is output from a winding current detecting section 5c (describes 
later), a current control section 5a for inputting the calculated deviation and for carrying out current control so as to 
transform a current command into a voltage command, a voUage-fed inverter 5b for inputting the transformed voltage 
command, and the winding current detecting section 5c for detecting a winding current of a synchronous motor 6 
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(described later) are employed instead of the current-fed Inverter 5. The other arrangement sections are similar to those 
of the synchronous motor driving device illustrated in Fig. 5. Further. In Fig. 7. the current control section 5a. voltage- 
fed inverter 5b, winding current detecting section 5c and current deviation calculating section 5d constitute a current- 
fed inverter. 

5 [0088] Fig. 8 is a flowchart useful in understanding an operation of the synchronous motor driving device illustrated 
in Fig. 7/ 

[0089] In step SP1 , a rotor position (position angle) e is input, in step SP2. a rotation speed (motor speed) cd is cal- 
culated from the rotor position , in step SP3, a difference between a real speed and a speed command <o* is applied a 
PI operation (proportional, integral operation) so as to obtain an average current amplitude command, in step SP4, the 
10 torque control operation Is carried out by inputting the real speed cd and the rotor position so as to obtain a changing 
component in current amplitude from a real speed changing component, in step SP5. the average current amplitude 
command and the changing component in current amplitude are added so as to obtain and memorize an amplitude 
command, in step SP6, the changing component in current amplitude is multiplied by a coefficient and then shifted so 
as to obtain a changing component in current phase (wherein, the coefficient, shifting amount are determined expen- 
ds mentally, for example), in step SP7. an average phase command <o* and the changing component in current phase are 
added so as to obtain and memorize a phase command, in step SP8, the memorized current command and phase com- 
mand are supplied to the three phase alternate current calculation section, in step SP9. each phase current is obtained 
and is supplied to the current-fed Inverter, then the operation returns to an original processing. 
[0090] Therefore, reduction in vibration is realized by adding the average current amplitude command and the chang- 
20 Ing component in the current amplitude so as to obtain the amplitude command. Also, improvement in efficiency is real- 
ized by adding the average phase command p* from the exterior and the changing component in the current phase so 
as to obtain the phase command. As a result, a cyclic intermittent load is applied torque control under a maximum effi- 
ciency condition so that vibration is reduced. 

[0091] Further, the synchronous motor driving device Illustrated in Fig, 7 can be simplified In its anr^angement in its 
25 entirety, because the device employs a voltage-fed inverter which has a main circuitry arrangement which Is more sim- 
ple than that of a current-fed inverter. 

[0092] Fig. 9 is a block diagram illustrating a synchronous motor driving device of a further embodiment according to 
the present Invention. 

[0093] This synchronous motor driving device includes a speed deviation calculating section 21 for calculating a devi- 

30 ation between a speed command co* and a motor speed co, a speed control section 22 for outputting an average value 
command of a voltage amplitude by Inputting the calculated deviation and by carrying out a predetermined operation 
(for example, a PI operation), a voltage amplitude command output section 23 for adding the average value command 
of the voltage amplitude and a changing component of the voltage amplitude at every rotation position output from a 
torque controlling section 30 (described later) and for outputting a voltage amplitude command, a three phase alternate 

35 current calculating section 24 for inputting the voltage amplitude command and a voltage phase command output from 
a voltage phase command output section 31 (described later) and for outputting three phase alternate current com- 
mand based upon a formula (9) for example, a voltage-fed inverter 25 for Inputting the three phase alternate current 
command, a synchronous motor 6 to which is applied the output of the voltage-fed inverter 25, a rotor position detecting 
section 27 for detecting a pole position of a rotor of the synchronous motor 6 and for outputting a position angle 0 there- 

40 from, a speed calculating section 29 for inputting the position angle e and for calculating and outputting a motor speed 
o£) therefrom, the torque control section 30 for inputting the motor speed © and position angle 6, for carrying out torque 
control operation, and for outputting a changing component of the voltage amplitude at every rotation position, a phase 
control section 28 for inputting the changing component of the voltage amplitude at every rotation position, for carrying 
out a phase control operation (for example, a predetermined coefficient is multiplied and a phase shifting-operation is 

45 carried out), and for calculating and outputting a changing component command of a voltage phase, and the voltage 
phase command output section 31 for adding an average phase command p* which is obtained by a manner which is 
known in the past and the changing component command and for calculating and outputting the voltage phase com- 
mand therefrom. 

50 
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Wherin, Vm is a voltage anplitude, a is a voltage phase herin. Vm is a 

[0094] Further, the rotor position detection section 27 is exemplified as a rotation position sensor such as an encoder 
and a counter circuitry for the output therefrom, a position detecting circuitry for performing filtering to a motor terminal 
voltage a circuitry for carrying out position calculation from electrical parameters of a motor and the like. 
[0095] ' Fig. 10 is a flowchart useful in understanding an operation of the synchronous motor driving device illustrated 

in Fig. 9. • i 

[0096] In step SP1 . a rotor position (position angle) is input, in step SP2. a rotation speed (motor speed) <d is calcu- 
lated from the rotor position e. in step SP3, a difference between a real speed and a speed command is applied a 
PI operation (proportional, integral operation) so as to obtain an average voltage amplitude command, in step SP4. 
torque control operation is carried out by inputting the real speed oo and the rotor position so as to obtain a changing 
component in voltage amplitude from a real speed changing component, in step SP5. the average voltage amplitude 
command and the changing component in voltage amplitude are added so as to obtain and memorize an amplitude 
command, in step SP6. the changing component in voltage amplitude is multiplied by a coefficient and then shifted so 
as to obtain a changing component in voltage phase (wherein, the coefficient, shifting amount are determined experi- 
mentally, for example), in step SP7. an average phase command a* and the changing component in voltage phase are 
added so as to obtain and memorize a phase command, in step SP8, the memorized amplitude command and phase 
command are supplied to the three phase alternate current calculating section, in step SP9. each phase voltage is 
obtained and is supplied to the voltage-fed inverter, then the operation returns to an original processing, 
[0097] Therefore, reduction in vibration is realized by adding the average voltage amplitude command and the chang- 
ing component in the voltage amplitude so as to obtain the amplitude command. Also, improvement in efficiency is real- 
ized by adding the average phase command a* from the exterior and the changing component In the voltage phase so 
as to obtain the phase command. As a result, a cyclic intermittent load is applied the torque control under a maximum 
efficiency condition so that vibration is reduced. 

[0098] Fig. 1 1 is a block diagram Illustrating a synchronous motor driving device of yet another embodiment according 

to the present invention. i , • ^ • 

[0099] This synchronous motor driving device includes a speed deviation calculating section 41 for calculating a devi- 
ation between a speed command ©* and a motor speed ©. a speed control section 42 for outputting an average value 
command of a voltage phase by inputting the calculated deviation and by carrying out a predetermined operation (for 
example, a PI operation), a voltage phase command output section 43 for adding the average value command of the 
yoltage phase and a changing component of the voltage phase at every rotation position output from a torque control 
section 50 (described later) and for outputting a voltage phase command, a three phase alternate current calculating 
section 44 for inputting the voltage phase command and a voltage amplitude command output from a voltage amplitude 
command output section 51 (described later) and for outputting a three phase alternate cun-ent command based upon 
a formula (9) for example, a voltage-fed inverter 45 for inputting the three phase alternate current command, a synchro- 
nous motor 6 to which is applied the output of the voltage-fed inverter 45. a rotor position detecting section 47 for detect- 
ing a pole position of a rotor of the synchronous motor 6 and for outputting a position angle 6 therefrom, a speed 
calculating section 49 for inputting the position angle 0 and for calculating and outputting a motor speed therefrom, the 
torque control section 50 for inputting the motor speed od and position angle . for carrying out torque control operation, 
and for outputting a changing component of the voltage phase at every rotation position, an amplitude control section 
48 for inputting the changing component of the voltage phase at every rotation position, for carrying out an amplitude 
control operation (for example, a predetermined coefficient is multiplied and a phase shifting operation is carried out), 
and for calculating and outputting a changing component command of a voltage amplitude, and the voltage amplitude 
command output section 51 for adding an average amplitude command Vm* which is obtained by a manner which is 
known in the past and the changing component command and for calculating and outputting the voltage amplitude com- 
mand therefrom. 

[0100] Further, the rotor position detecting section 47 Is exemplified as a rotational position sensor such as an 
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encoder and a counter circuitry for the output therefrom, a position detecting circuitry for performing filtering to a motor 
terminal voltage, a circuitry for carrying out position calculation from electrical parameters of a motor and the like. 
[01 01 ] Fig. 1 2 is a flowchart useful in understanding an operation of the synchronous motor driving device illustrated 
in Fig. 1 1 . 

5 [0102] In step SRI, a rotor position (position angle) 6 is input, in step SP2, a rotation speed (motor speed) <o is cal- 
culated from the rotor position 0, in step SP3. a difference between a real speed and a speed command a>* Is applied 
a PI operation (proportional, integral operation) so as to obtain an average voltage phase command, in step SP4, torque 
control operation is carried out by inputting the real speed co and the rotor position G so as to obtain a changing compo- 
nent in voltage phase from a real speed changing component, in step SP5, the average voltage phase command and 

10 the changing component in voltage phase are added so as to obtain and mfemorize a phase command, in step SP6, the 
changing component in voltage phase is multiplied by a coefficient and is then shifted so as to obtain a changing com- 
ponent in voltage amplitude (wherein, the coefficient, shifting amount are determined experimentally, for example), in 
step SP7. an average amplitude command Vm* and the changing component in voltage amplitude are added so as to 
obtain and memorize an amplitude command, in step SP8. the memorized amplitude command and phase command 

IS are supplied to the three phase alternate current calculating section, in step SP9. each phase voltage is obtained and 
is supplied to the voltage-fed inverter, then the operation returns to an original processing, 

[0103] Therefore, reduction in vibration is realized by adding the average voltage phase command and the changing 
component in the voltage phase so as to obtain the phase command. Also, improvement in efficiency is realized by add- 
ing the average amplitude command Vm* from the exterior and the changing component in the voltage amplitude so as 
20 to obtain the amplitude command. As a result, a cyclic intermittent load is applied the torque control under a maximum 
efficiency condition so that vibration is reduced. 

[0104] Fig. 1 3 is a block diagram illustrating a synchronous motor driving device of a yet further embodiment accord- 
ing to the present invention. 

[0105] This synchronous motor driving device includes a speed deviation calculating section 61 for calculating a devi- 

25 ation between a speed command co* and a motor speed ©, a speed control section 62 for outputting an average value 
command of a voltage amplitude by inputting the calculated deviation and by can-ying out a predetermined operation 
(for example, a PI operation), a voltage ampl'itude command output section 63 for adding the average value command 
of the voltage amplitude and a changing component of the voltage amplitude at every rotation position output from a 
torque control section 70 (described later) and for outputting a voltage amplitude command, a three phase alternate 

30 current calculating section 64 for inputting the voltage amplitude command and a voltage phase command output from 
a voltage phase command output section 71 (described later) and for outputting a three phase alternate current com- 
mand based upon a formula (9) for example, a voltage-fed inverter 65 for inputting the three phase alternate cun-ent 
command, a synchronous motor 6 to which is applied the output of the voltage-fed inverter 65, a rotor position detecting 
section 67 for detecting a pole position of a rotor of the synchronous motor 6 and for outputting a position angle there- 

35 from, a speed calculating section 69 for inputting the position angle 8 and for calculating and outputting a motor speed 
<D therefrom, the torque control section 70 for inputting the motor speed and position angle 0, for carrying out torque 
control operation, and for outputting a changing component of the voltage amplitude at every rotation position, a phase 
control section 68 for inputting an inverter input current detected by an inverter input current detecting section 72 
(described later), for carrying out a phase control operation, and for calculating and outputting a changing component 

40 command of a voltage phase, the voltage phase command output section 71 for adding an average phase command 
a* which is obtained by a manner which is known in the past and the changing component command and for calculating 
and outputting the voltage phase command therefrom, and the inverter input current detecting section 72 for detecting 
the inverter input current (one species of detection quantities which are related to efficiency) which is supplied to the 
voltage-fed inverter 65 from a commercial power source 73. 

45 [01 06] Further, the rotor position detecting section 67 is exemplified as a rotation position sensor such as an encoder 
and a counter circuitry for the output therefrom, a position detecting circuitry for performing filtering to a motor terminal 
voltage, a circuitry for carrying out position calculation from electrical parameters of a motor and the like. 
[0107] Furthermore, it is possible that the current control is carried out by adding a winding current detecting section 
and a current controlling section. Also, it is possible that a current-fed inverter is employed instead of the voltage-fed 

50 inverter. 

[01 08] Fig. 14 is a flowchart useful in understanding an operation of the synchronous motor driving device illustrated 
in Fig. 13. 

[0109] In step SP1 , a rotor position (position angle) 8 is input, in step SP2, a rotation speed (motor speed) co is cal- 
culated from the rotor position 8, in step SP3. a difference between a real speed o and a speed command co* Is applied 
55 a PI operation (proportional, integral operation) so as to obtain an average voltage amplitude command, in step SP4. 
the torque control operation is carried out by inputting the real speed co and the rotor position 8 so as to obtain a chang- 
ing component in voltage amplitude from a real speed changing component, in step SP5, the average voltage amplitude 
command and the changing component In voltage amplitude are added so as to obtain and memorize an amplitude 
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command, in step SP6. the changing component in voltage phase is applied for controlling and operating in response 
to a size of an inverter input current (for minimizing the inverter input current), in step SP7. an average phase command 
a* and the changing component in voltage phase are added so as to obtain and memorize a phase command, in step 
SP8, the memorized amplitude command and phase command are supplied to the three phase alternate current cal- 
5 culation section, in step SP9, each phase voltage is obtained and is supplied to the voltage-fed inverter, then the oper- 
ation returns to an original processing. 

[01 1 0] Therefore, reduction in vibration is realized by adding the average voltage amplitude command and the chang- 
ing component in the voltage amplitude so as to obtain the amplitude command. Also, improvement in efficiency by per- 
forming control which takes iron losses into consideration is realized by calculating the changing component in voltage 
10 phase in response to the size of the inverter input current (for minimizing the inverter input current) and by adding the 
changing component in voltage phase and the average amplitude command Vm* from the exterior so as to obtain the 
phase command. As a result, a cyclic intermittent load is applied the torque control under a maximum efficiency condi- 
tion so that vibration is reduced. 

[01 1 1 ] Furthermore, control for minimizing an inverter input power may be carried out by adding voltage detection and 
15 by calculating an inverter input power, instead of controlling and operating of the changing component in voltage phase 
in response to the size of the inverter input current. 

[0112] Fig. 15 is a block diagram illustrating a synchronous motor driving device of a further embodiment according 
to the present invention. 

[01 1 3] This synchronous motor driving device includes a speed deviation calculating section 81 for calculating a devi- 
ce ation between a speed command co* and a motor speed oo. a speed control section 82 for outputting an average value 
command of a voltage phase by inputting the calculated deviation and by carrying out a predetermined operation (for 
example, a PI operation), a voltage phase command output section 83 for adding the average value command of the 
voltage phase and a changing comporient of the voltage phase at every rotation position output from a torque control 
section 90 (described later) and for outputting a voltage phase command, a three phase alternate current calculation 
25 section 84 for inputting the voltage phase command and a voltage amplitude command output from a voltage amplitude 
command output section 91 (described later) and for outputting a three phase alternate current command based upon 
a formula (9) for example, a voltage-fed inverter 85 for inputting the three phase alternate current command, a synchro- 
nous motor 6 to which is applied the output of the voltage-fed inverter 85, a rotor position detecting section 87 for detect- 
ing a pole position of a rotor of the synchronous motor 6 and for outputting a position angle 0 therefrom, a speed 
30 calculating section 89 for inputting the position angle 0 and for calculating and outputting a motor speed therefrom, the 
torque control section 90 for inputting the motor speed oo and position angle , for carrying out torque control operation, 
and for outputting a changing component of the voltage phase at every rotation position, an amplitude control section 
88 for inputting an inverter input current detected by an inverter input current detecting section 92 (described later), for 
carrying out an amplitude control operation, and for calculating and outputting a changing component command of a 
35 voltage amplitude, the voltage amplitude command output section 91 for adding an average amplitude command a* 
which is obtained by a manner which is known in the past and the changing component command and for calculating 
and outputting the voltage amplitude command therefrom, and the inverter input current detecting section 92 for detect- 
ing the inverter input current (one species of detection quantities which are related to efficiency) which is supplied to the 
voltage-fed inverter 85 from a commercial power source 93. 
40 [0114] Further, the rotor position detecting section 87 is exemplified as a rotation position sensor such as an encoder 
and a counter circuitry for the output therefrom, a position detecting circuitry for performing filtering to a motor terminal 
voltage, a circuitry for carrying out position calculation from electrical parameters of a motor and the like. 
[01 1 5] Furthermore, it is possible that current control is carried out by adding a winding current detecting section and 
a current control section. Also, it is possible that a current-fed inverter is employed instead of the voltage-fed inverter. 
45 Further, a control for minimizing an inverter input power may be carried out by adding detection of voltage and by cal- 
culating an inverter input power, instead of controlling and operating of the changing component in voltage phase in 
response to the size of the inverter input current. 

[0116] Fig, 16 is a chart illustrating change in load torque corresponding to the rotation angle of one cylinder com- 
pressor, while Fig. 17 is a chart illustrating the frequency distribution of the load torque. 
50 [0117] As is apparent from these figures, an actual intermittent load includes many frequency components. When a 
torque control is carried out for completely compensating the frequency components and for suppressing speed change 
which is a cause of vibration, a disadvantage arises in that an effective value and a peak value of a motor current are 
increased. 

[0118] Wherein, as to torque intermittent component of higher harmonics, the speed change becomes small and 
55 gives little influence to vibration because of the flywheel effect due to the moment of inertia of a synchronous motor and 
a load. Therefore, an unnecessary cun-ent for dealing with torque intermittence which gives little influence to vibration 
can be omitted by determining the frequency of intermittent torque for compensating using the torque control to be the 
fundamental wave and lower harmonics, so that more efficient control of the synchronous motor is realized by combin- 
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Ing with the above synchronous motor driving device, synchronous motor driving method. Specifically, it is easily dealt 
with by applying a filtering function to the torque control section which is included in the above synchronous motor driv- 
ing device, for example. 

10119] Further, when a compressor is installed in an air conditioner, a design for absorbing vibration which is trans- 
5 mitted to the housing of an outdoor section is realized by designing a shape of each pipe for connecting a heat 
exchanger and the compressor, by realizing supporting using a rubber foot member, or the like. Therefore, little prob- 
lems arise in practice even when the frequency of intermittent torque for compensating using the torque control Is lim- 
ited to only the fundamental wave, so that more efficient control is realized. Of course, an operation similar to the above 
operation is realized when the synchronous motor driving device is applied to an apparatus other than the air condi- 
10 tioner. such as a refrigerator or the like, for example. 

[0120] Fig. 1 8 is a block diagram illustrating a synchronous motor driving device of a yet further embodiment accord- 
ing to the present invention. 

[0121] This synchronous motor driving device includes a speed deviation calculating section 101 for calculating a 
deviation between a speed command a>* and a motor speed cd. a speed control section 102 for outputting an average 

IS value command of a voltage amplitude by inputting the calculated deviation and by carrying out a predetermined oper- 
ation (for example, a PI operation), a voltage amplitude command output section 103 for adding the average value com- 
mand of the voltage amplitude and a changing component of the voltage amplitude at every rotation position output 
from a voltage amplitude changing component output section 113 (described later) and for outputting a voltage ampli- 
tude command, a three phase alternate current calculating section 104 for inputting the voltage amplitude command 

20 and a voltage phase command output from, a voltage phase command output section 1 1 1 (described later) and for out- 
putting a three phase alternate current command based upon a formula (9) for example, a voltage-fed inverter 105 for 
inputting the three phase alternate current command, a synchronous motor 6 to which is applied the output of the volt- 
age-fed inverter 105. a rotor position detecting section 107 for detecting a pole position of a rotor of the synchronous 
motor 6 and for outputting a position angle 6 therefrom, a speed calculating section 109 for inputting the position angle 

25 e and for calculating and outputting a motor speed therefrom, a torque control section 1 10 for inputting the motor speed 
<£} and position angle 6, for carrying out a torque control operation, and for outputting a changing component of the volt- 
age amplitude at every rotation position, a phase control section 108 for inputting a changing component of voltage 
amplitude at every rotation position output from the voltage amplitude changing component output section 113, for car- 
rying out a phase control operation (for example, multiplied by a predetermined coefficient, and carried out phase shift- 

30 ing operation), and for calculating and outputting a changing component command of a voltage phase, the voltage 
phase command output section 1 11 for adding an average phase command a* which is obtained by a manner which is 
known in the past and the changing component command and for calculating and outputting the voltage phase com- 
mand therefrom, a third harmonic generation section 1 12 for inputting the position angle 6 and for generating a third 
order harmonic, and the voltage amplitude changing component output section 1 1 3 for adding the changing component 

35 of voltage amplitude output from the torque controlling section 110 and the third order harmonic and for outputting the 
changing component of voltage amplitude at every rotation position. 

[01 22] Further, the rotor position detecting section 107 is exemplified as a rotation position sensor such as an encoder 
and a counter circuitry for the output therefrom, a position detection circuitry for performing a filtering to a motor terminal 
voltage, a circuitry for carrying out position calculation from electrical parameters of a motpr and the like. 
40 [0123] Fig. 19 is a flowchart useful in understanding an operation of the synchronous motor driving device illustrated 
in Fig. 18. 

[0124] In step SP1 , a rotor position (position angle) 9 is input, in step SP2, a rotation speed (motor speed) g> is cal- 
culated from the rotor position 9, in step SP3, a difference between a real speed co and a speed command <o* is applied 
a PI operation (proportional, integral operation) so as to obtain an average voltage amplitude command, in step SP4. a 

45 torque control operation is carried out by inputting the real speed g) and the rotor position so as to obtain a changing 
component in voltage amplitude from a real speed changing component, in step SP5, for adding a third order harmonic 
of phase for reducing a peak to the changing component of voltage amplitude so as to calculate a new changing com- 
ponent of voltage amplitude, in step SP6. the average voltage amplitude command and the new changing component 
in voltage amplitude are added so as to obtain and memorize an amplitude command. In step SP7, the new changing 

50 component in voltage phase is multiplied by a coefficient, the product Is then shifted, so that a changing component of 
voltage phase is obtained (wherein, the coefficient, and shifting amount are determined experimentally, for example), in 
step SP8, an average phase command a* from the exterior and the changing component in voltage phase are added 
so as to obtain and memorize a phase command, in step SP9. the memorized amplitude command and phase com- 
mand are supplied to the three phase alternate current calculation section, in step SP10, each phase voltage is 

55 obtained and is supplied to the voltage-fed inverter, then the operation returns to an original processing. 

[0125] Therefore, reduction in vibration is realized by adding the average voltage amplitude command and the chang- 
ing component in the voltage amplitude so as to obtain the amplitude command. Also, improvement in efficiency is real- 
ized by adding the average phase command p* from the exterior and the changing component of voltage phase so as 
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to obtain the phase command. As a result, a cyclic Intermittent load is applied a torque control under a maximum effi- 
ciency condition so that vibration is reduced. 

[0126] Furthermore, a current control may be carried out by adding a winding current detecting section and a current 
control section. Further, in the embodiments illustrated in Fig. 18 and Fig. 19, the third order harmonic is superposed 
5 upon the voltage command, but the third order harmonic may be superpqsed upon the current command. In this case, 
cun-ent-fed inverter or current control type inverter which comprises a voltage-fed Inverter, a winding current detecting 
section in addition, and a current control section in addition, for performing current controlling. And. in each case, a 
superposing degree of the third order harmonic is determined based upon the specification of the synchronous motor 
driving system. 

10 [0127] Figs. 20 are charts illustrating torque waveforms {refer to Fig. 20(A)}. current amplitude waveforms {refer to 
Fig. 20(B)}. and current phase waveforms {refer to Fig. 20(C)} when the third order harmonic of the current waveform 
is superposed so that the third order harmonic of about 10 % with respect to the fundamental wave of torque is super- 
posed upon the torque waveform. Wherein, in each figure, a represents a waveform which is obtained by superposing 
the third order harmonic, b represents a waveform which is not superposed the third order harmonic; and c represents 

75 an average value. 

[0128] As is apparent from the figures, a peak of the current amplitude (a peak of the motor current) is suppressed 
by superposing the third order harmonic. Therefore, driving with a shifted operation point caused by a limitation in the 
current capacity of an inverter element is not needed, and a control of the synchronous motor driving device, and syn- 
chronous motor driving method illustrated in Fig. 5 to Fig. 15 is realized in wider range. 

20 [0129] When the control is carried out for superposing the third order harmonic as the above control, the third order 
harmonic may not be included in the load torque, or the third order harmonic may increase speed change in the case 
where the amplitude relationship or the phase relationship is different from the above relationship. But, this does not 
raise a problem in practice and this has the above advantage so that it is preferable that the superposing of the third 
order harmonic is applied to a synchronous motor driving device and a synchronous motor driving method, by taking 

25 the flywheel effects being great and the vibration preventing design which is applied at the installing time into consider- 
ation. 

[0130] Fig. 21 is a block diagram illustrating a synchronous motor driving device of a further embodiment according 
to the present invention. 

[0131] In this synchronous motor driving device, three serial connection circuits are connected in parallel to one 

30 another between terminals of a direct current power source 120 so that a voltage-fed inverter 121 is constructed, each 
serial connection circuit being constructed by connecting two switching transistors in series. Further, a diode for protec- 
tion is connected in parallel to each switching transistor. Three resistances 122u. 122v and 122w which are connected 
in a Y-connection arrangement, and stator windings 6u. 6v and 6w of a synchronous motor 6 which are connected in a 
Y-connection arrangement, are connected to a center point of each serial connection circuitry Further, 6a represents a 

35 rotor. A first center point voltage VN obtained at a center point of the resistances 1 22u, 1 22v and 1 22w is supplied to a 
non-reverse input terminal of an operation amplifier 123a. and a second center point voltage VM obtained at a center 
point of the stator windings 6u, 6v and 6w is supplied to a reverse input terminal of the operation amplifier 123a through 
a resistance 123b- A resistance 123c is connected between the reverse input terminal and an output terminal of the 
operation amplifier 123a, Therefore, a difference voltage VNM corresponding to a difference between the first center 

40 point voltage VN and the second center point voltage VM is obtained at the output terminal of the operation amplifier 
123a. The difference voltage VNM is supplied to an integration circuitry in which a resistance 124a and a condenser 
124b are connected in series to one another. An integration signal jVNOdt obtained at a center point of the resistance 
124a and the condenser 124b is supplied to a non-reverse input terminal of an operation amplifier 125, and a reverse 
Input terminal of the operation amplifier 125 is connected to a ground, so that a zero-cross comparator is constituted. 

45 An output signal from the zero-cross comparator is supplied to a micro-processor 126 as a position signal (magnetic 
pole detection signal). The integration signal jVNOdt is supplied to an integration signal level detection circuitry 127. A 
detection signal from the integration signal level detection circuitry 127 is supplied to the micro-processor 126. A speed 
command and a speed changing command are also supplied to the micro-processor 1 26. The micro-processor 1 26 out- 
puts signals for controlling the inverter 121 through a base driving circuitry 128. 

50 [0132] Fig. 22 is a block diagram illustrating an arrangement of the micro-processor 126. 

[0133] This micro-processor 126 Includes an interval measurement timer 131 for carrying out a stop, reset and restart 
by an interruption processing 1 due to receiving of the position signal, a position signal interval calculating section 1 32 
for calculating an interval of the position signal by inputting a timer value of the interval measurement timer 131 at the 
stopping timing, a speed calculating section 133 for carrying out speed operation by inputting the interval of the position 

55 signal output from the position signal interval calculating section 1 32 and for calculating and outputting a present speed, 
a deviation calculating section 134 for calculating a difference between a speed command given from the exterior and 
the present speed output from the speed calculating section 1 33 and for outputting this difference as a speed change, 
a changeover signal calculating section 135 for calculating and outputting a changeover signal by inputting the speed 
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change output from the deviation calculating section 134 and a speed change command given from the exterior, a first 
order component compensation model calculating section 136 for calculating and outputting a first order component 
compensation model by inputting the speed change output from the deviation calculating section 134 and the change- 
over signal output from the changeover signal calculating signal 135. a PI operation section 137 for can-ying out a PI 
operation by inputting the speed change output from the deviation calculating section 134 and for outputting an opera- 
tion result therefrom, an adder 1 38 for adding the first order component compensation model output from the first order 
component compensation model calculating section 136 and the operation result output from the PI operation section 
137 and for outputting the sum as a voltage command, a timer value calculating section 139 for calculatng and output- 
ting a timer value by inputting the interval of the position signal output from the position signal interval calculating sec- 
tion 1 32 and a phase amount command given from an adder 1 47 (described later), a phase correction timer 1 40 which 
is set the timer value output from the timer value calculating section 139. is started by the interruption processing 1 due 
to receiving of the position signal, and outputs a count-over signal therefrom by carrying out counting of the set tmer 
value a conduction width control timer 1 41 which is set by the timer value output from the timer value calculation section 
139 is started by an interruption processing 2 due to the count-over signal output from the phase correction timer 140. 
and" outputs a count-over signal therefrom by carrying out counting of the set timer value, an inverter mode selection 
section 142 for reading out from a memory 143 and outputting a voltage pattern by the intermption processing 2 due to 
the count-over signal output from the phase correction timer 140 or by an Interruption processing 3 due to the count- 
over signal output from the conduction width control timer 141 . a PWM section 144 for canying out pulse width modu- 
lation by inputting the voltage command output from the adder 138 and for outputting switching signals therefrom, a 
delay processing section 1 45 for shifting the first order component compensation model output from the first order com- 
ponent compensation model calculating section 1 36. a coefficient device 1 46 for multiplying a predetermined coefficient 
to the shifted first order component compensation model output from the delay processing section 145 and for output- 
ting a compensation phase amount command therefrom, and an adder 147 for adding ttie compensation phase amount 
command output from the coefficient device 146 and an average phase amount command given from the exterior and 
25 for outputting a phase amount command. 

r01 341 The primary component compensation model calculating section 1 36 carries out the compensation operation 
using gains which are 0 for components other than the first order component. Therefore, no problems arise even when 
a speed change is employed as an input of the first order component compensation model calculating section 136. That 
is the speed command becomes constant (direct current) under a steady condition, and the output from the first order 
30 component compensation model calculating section 136 is zero even when a direct current (or a signal which has a fre- 
quency different from a frequency of an output signal from a signal model) is input to the first order component compen- 
sation model calculating section 136. In other words, the output from the first order component compensaton mode^ 
calculating section 1 36 is determined based upon only the motor speed even when the speed change { = (motor speed) 
- (speed command)} is employed as an input of the first order component compensation model calculating section 136. 
35 Therefore, controlling performance is not influenced at all. . 

[01 35] Fig. 23 is a schematic diagram illustrating a control model of a system in which a compressor is driven using 
a synchronous motor which is driven by tiie synchronous motor driving device illustrated in Fig. 21 . 
[01361 This control model includes a subtraction section 201 for calculating a difference between the speed command 
and the rotation speed of the synchronous motor 6, a PI control section 202 for carrying out proportional control and 
40 integral control (PI control) by inputting the difference output from ttie subtraction section 201 and for outputting a pro- 
portional control result and an integral control result therefrom, a speed change average value calculating section 203 
for calculating a size Aa, of an average of the speed change during N-rotations (N is a natural number) by inputting tiie 
difference output from the subtraction section 201. a changeover section 204 for outputting 0 or 1 by inputting the size 
Aco of an average of the speed change output from the speed change average Value calculating section 203, a multipli- 
es cation section 205 for multiplying the rotation speed of the synchronous motor 6 and the output from the changeover 
section 204 and for outputting a multiplication result, a variable arrangement first order component compensation sec- 
tion 206 for carrying out first order component compensation by inputting the multiplication result output from tine mul- 
tiplication section 205 and for outputting a compensation value, an addition section 207 for adding the proportional 
control result the integral control result and the compensation value and for outputting a voltage command, an amplrfier 
50 207- for performing compensation by inputting the voltage command output from the addition section 207, a suWraj^ion 
section 208 for calculating and outputting a difference between an output voltage output from the amplifier 207 and a 
partial part Et- giving influence to generation of current for torque among a motor speed electi-omotive voltage voltage- 
current transfer function (first order delay element determined based upon resistance and inductance of motor wind- 
ings) 209 of a motor for outputting a current by inputting the difference output from the subtraction section 208. a sub- 
55 traction section 210 for calculating and outputting a difference between the current output from the votege-cun-ent 
• transfer function 209 of a motor and a current E,- equivalently representing a torque error component following non- 
direct control of a current waveform (phase/amplitude) corresponding to the rotor position, current-torque transfer func- 
tion 21 1 of a motor for outputting a motor torque by inputting the difference output from the subtraction section 210. a 
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subtraction section 212 for subtracting a compressor load torque from the motor torque output from the current-torque 
transfer function 21 1 of a motor and for outputting a compressor axial torque, and torque-speed transfer function 21 3 of 
a motor for outputting a speed by inputting the compressor axial torque output from the subtraction section 212. Further, 
the subtraction section 208. voltage-current transfer function 209. subtraction section 210. current-torque transfer func- 
tion 211. subtraction section 212 and torque-speed transfer function 213 constitute the synchronous motor 6. . 
[0137] Fig 24 to Fig 26 are flowcharts useful in understanding the operation of the micro-processor 126. Wherein. 
Fig. 24 explains the interruption processing 1 . Fig. 25 explains the interruption processing 2. and Fig. 26 explains the 

interruption processing 3. , .. • i 

[0138] The operation of the flowchart illustrated in Fig. 24 is carried out at every acceptance of the position signal. 
[01 39] In step SP 1 . a value for the phase correction timer 1 40 is calculated from the phase amount command, in step 
SP2 the phase correction timer value is set in the phase correction timer 140. in step SP3. the phase correction timer 
140 is started, in step SP4. the interval measurement timer 131 is stopped, in step SP5. a value of the interval meas- 
urement timer 131 is read, in step SP6. the value of the interval measurement timer 131 is reset, then the interval meas- 
urement timer 131 is started for the next inten/al measurement. In step SP7. an interval of the position signal is 
calculated, in step SP8. a motor rotation speed is calculated from the calculation result of the interval of the position 
signal, in step SP9. speed change is calculated based upon the motor rotation speed and the speed command, in step 
SP10 the PI operation is carried out to the speed change, and the average voltage amplitude command is calculated, 
in step SP 1 1 the average value of the size of the speed change is calculated and the changeover signal is output based 
upon the obtained average value, in step SP12. a compensation voltage amplitude is calculated based upon the speed 
change and the changeover signal, in step SP13. the compensation voltage amplitude is added to the average voltage 
amplitude in step SP14, the delay processing is carried out {for ©cample, the compensation voltage amplitude is mem- 
orized and the compensation voltage amplitude is read out which is prior to M samples (wherein, M is a positive inte- 
ger)} in step SP15. a compensation phase is calculated by multiplying a predetermined coefficient by the coefficient 
device 1 46. in step SP1 6. the compensation phase is added to the average phase command and the sum is memorized 
as the next phase command, then the operation is returned to an original processing. 

[0140] The processing of the flowchart illustrated in Fig. 25 is carried out at every output of the count-over signal from 
the phase correction timer 1 40. 

[0141] In step SP1. an inverter mode is advanced by 1 step, in step 2. a voltage pattern corresponding to the 
advanced inverter mode is output, in step SP3. a timer value of the conduction width control timer 1 41 is calculated from 
the conduction width command, in step SP4. the timer value { = a timer value for (conduction angle - 120) degrees} is 
set to the conduction width control timer 141 , in step SP5, the conduction width control timer 141 is started, then the 
operation is returned to an original processing. 

[0142] The processing of the flowchart illustrated in Fig. 26 is carried out at every output of the count-over signal from 
the conduction width control timer 141 . 

[0143] In step SP1 . an inverter mode is advanced by 1 step, in step SP2, a voltage pattern corresponding to the 
advanced inverter mode is output, then the operation is returned to an original processing. Figs. 27 are charts illustrat- 
ing signal waveforms of each section of the synchronous motor driving device which is illustrated in Fig. 21 and Fig. 22. 
[0144] When the compressor is driven by the synchronous motor 6, the difference voltage VNM is obtained as illus- 
trated in Fig. 27(A), the integration signal VNOdt is obtained as illustrated in Fig. 27(B). and the position signal is 

obtained as illustrated in Fig. 27(C). •„ » . ^ 

[0145] The phase con-ection timer 140 starts as illustrated in Fig. 27(D) {refer to starting points of arrows illustrated 
in Fig 27(D)) by the interruption processing 1 based upon the position signal. And. the conduction width control timer 
141 starts as illustrated in Fig. 27(E) {refer to starting points of arrows illustrated in Fig. 27(E)} at every output of the 
count-over signal {refer to ending points of arrows illustrated in Fig. 27(b)} from the phase correction timer 140 which 
is controlled the timer value which is set based upon the phase amount command as illustrated in Fig. 27{M). 
[0146] The inverter mode is advanced by every 1 step as illustrated in Fig. 27(N). and ON-OFF conditions of the 
switching transistors 121 u1. 121u2. 121v1. 121v2. 121w1. 1 21 w2 of the inverter circuitry 121 are changed correspond- 
ing to the inverter mode as illustrated in Fig. 27(F) to Fig. 27(K), at every output of the count-over signal from the phase 
correction timer 140 {refer to ending points of arrows illustrated in Fig. 27(D)} and at every output of the count-over sig- 
nal from the conduction width control timer 141 {refer to ending points of arrows illustrated in Fig. 27(E)}. Further, each 
switching transistor is applied chopper control by the PWM section 144 based upon the inverter output voltage illus- 
trated in Fig 27(L). The dashed line illustrated in Fig. 27(L) represents the output (average voltage) from the PI opera- 
tion section 137. and the solid line illustrated in Fig. 27(L) represente the output (compensation voltage) from the first 
order component compensation model calculating section 136. 

[0147] Further, the phase control becomes a control system with 1 sample delay in connection to the timer process- 
ing. 

[0148] Figs. 28 are charts illustrating a line voltage amplitude waveform {refer to Fig. 28(A)}. a voltage phase wave- 
form {refer to Rg. 28(B)}. a phase current waveform {refer to Fig. 28(C)}, and an inverter DC current waveform {refer to 
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Fig. 28(D)} when a compressor is driven by controlling the voltage phase and the voltage amplitude, each being relative 
to one another, based upon the scope of the maximum torque control. Figs. 29 are charts Illustrating a line voltage 
amplitude waveform {refer to Fig. 29(A)}, a voltage phase waveform {refer to Fig. 29(B)}, a phase current waveform 
{refer to Fig. 29(C)}, and an inverter DC current waveform {refer to Fig. 29(D)} when a compressor is driven by control- 
ling the voltage phase and the voltage amplitude, each being not relative to one another, based upon the scope of the 
maximum torque control. Further, the driving condition is as follows; low pressure: 5 kg/cm^, high pressure: 13 kg/cm^, 
rotation number: 20 r.p.s.. 

[0149] When Figs. 28 and Figs. 29 are compared to one another, it is understood that the peak value of the motor 
winding current is smaller and the DC current flowing into the voltage-fed inverter Is also smaller in Figs. 28. In other 
words, it Is understood that more efficient driving Is realized in Fig. 28. 

[0150] Fig. 30 is a block diagram illustrating an arrangement of a micro-processor which is a main section of a syn- 
chronous motor driving device of a further embodiment according to the present invention. Further, arrangement other 
than the micro-processor is the same as the arrangement of the synchronous motor driving device Illustrated in Fig. 21 , 
therefore, description thereof is omitted. 

[0151] This micro-processor includes an Interval measurement timer 151 for carrying out a stop, reset and restart by 
an interruption processing 1 due to receiving of the position signal, a position signal interval calculating section 152 for 
calculating an interval of the position signal by inputting a timer value of the interval measurement timer 1 51 at the stop- 
ping timing, a speed calculating section 153 for carrying out a speed operation by Inputting the Interval of the position 
signal output from the position signal interval calculating section 1 52 and for calculating and outputting a present speed, 
a speed calculating section 1 54 for carrying out a speed control by inputting a speed command given from the exterior 
and the present speed output from the speed calculating section 153 and for outputting an average voltage command, 
a compensation phase coefficient generation section 155 for generating a compensation phase coefficient by inputting 
the present speed output from the speed calculating section 153. a compensation voltage coefficient generation section 
161 for generating a compensation voltage coefficient by inputting the present speed output from the speed calculating 
section 153. a compensation phase pattern mode selection section 156 and a compensation voltage pattern mode 
selection section 165 which operate by the Interruption processing 1 due to the receiving of the position signal, a mul- 
tiplication section 157 for multiplying the average phase amount command given from the exterior, the compensation 
phase coefficient output from the compensation phase coefficient generation section 155 and a compensation phase 
pattern which is selected by the compensation phase pattern mode selection section 156 and for outputting a compen- 
sation phase amount command therefrom, an adder 158 for adding the average phase amount command given from 
the exterior and the compensation phase amount command output from the multiplication section 157 and for output- 
ting a phase amount command therefrom, a timer value calculating section 159 for calculating and outputting a timer 
value by inputting the interval of the position signal output from the position signal interval calculating section 152 and 
the phase amount command output from the adder 158. a phase correction timer 160 which Is set the timer value output 
from the timer value calculating section 159. is started by the interruption processing 1 due to acceptance of the posi- 
tion signal, and outputs a count-over signal when a counting operation for the set timer value has been performed, a 
conduction width control timer 168 which is set the timer value output from the timer value calculating section 159. is 
started by the interruption processing 2 due to the count-over signal output from the phase correction timer 160, and 
outputs a count-over signal when a counting operation for the set timer value has been performed, an inverter mode 
selection section 162 for reading out and outputting a voltage pattern from a memory 163 by the interruption processing 
2 due to the count-over signal output from the phase correction timer 160 and by the interruption processing 3 due to 
the count-over signal output from the conduction width control timer 168. a multiplication section 166 for multiplying the 
average voltage command output from the speed control section 154. the compensation voltage coefficient output from 
the compensation voltage coefficient generation section 161 , and a compensation voltage pattern selected by the com- 
pensation voltage pattern mode selection section 165 and for outputting a compensation voltage command, an adder 
1 67 for adding the average voltage command output from the speed controlling section 1 54 and the compensation volt- 
age command output from the multiplication section 166. and a PWM section 164 for carrying out pulse width modula- 
tion by inputting the voltage command output from the adder 167 and the voltage pattern output from the inverter mode 
selection section 162 and for outputting switching signals therefrom. 

[0152] Fig, 31 is a flowchart useful In understanding an operation of the micro-processor illustrated in Fig. 30. Fig. 31 
illustrates the Interruption processing 1 only Further, the interruption processing 2 and Interruption processing 3 are 
similar to flowcharts illustrated in Fig. 25 and Fig. 26, therefore illustrations thereof are omitted. 
[0153] Operation of the flowchart illustrated in Fig. 31 is can-ied out at every acceptance of the position signal. 
[0154] In step SP1, the interval measurement timer 151 Is stopped. In step SP2, the value of the Interval measure- 
ment timer 151 is read, in step SP3, the value of the interval measurement timer 151 is reset, and the interval meas- 
urement timer 1 51 is started for the next interval measurement. In step SP4. the Interval of the position signal Is 
calculated, in step SP5, the present speed of the motor Is calculated from the calculation result for the interval of the 
position signal, in step SP6. the compensation phase pattern is read based upon the compensation phase pattern 
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mode, in step SP7, the compensation phase pattern mode is advanced by 1 step, in step SP8, the compensation phase 
coefficient is read based upon the present speed, in step SP9, the compensation phase amount command is calculated 
by multiplying the multiplication result of the average phase amount command and the coefficient to the compensation 
phase pattern, in step SP10, the phase amount command is calculated by adding the average phase amount command 

5 and the compensation phase amount command, in step SP1 1 . the timer value of the phase correction timer 1 60 is cal- 
culated from the phase amount command, in step SP12, the correction timer value is set to the phase correction timer 
160. in step SP13. the phase correction timer 160 is started, in step SP14, the speed control is carried out based upon 
the speed command and the present speed, and the average voltage command is calculated, in step SP15, the com- 
pensation voltage pattern is read based upon the compensation voltage pattern mode, in step SP16. the compensation 

10 voltage pattern mode is advanced by 1 step, in step SP1 7, the compensation voltage coefficient is read based upon the 
present speed, in step SP18. the compensation voltage pattern is multiplied by the multiplication result of the average 
voltage command and the coefficient, and the compensation voltage command is calculated, in step SP19. the com- 
pensation voltage command is added to the average voltage command, then the operation returns to the original 
processing. 

IS [0155] In this synchronous motor driving device, the voltage amplitude changing component is determined so as to 
reduce vibration, and the phase changing component is determined so as to improve efficiency, and the voltage ampli- 
tude changing component and the phase changing component are determined to be in patterns, respectively, and the 
voltage amplitude changing component and the phase changing component in patterns are read out. Therefore, the 
control operation can preferably be simplified when an intermittent load is driven in which load torque scarcely changes. 

20 [0156] Figs. 32 are charts illustrating signal waveforms of each section of the synchronous motor driving device which 
is illustrated in Fig. 21 and Fig. 30. 

[0157] When the compressor is driven by the synchronous motor 6, the difference voltage VNM is obtained as illus- 
trated in Fig. 32(A). the integration signal /VNOdt is obtained as illustrated in Fig. 32(B). and the position signal is 
obtained as illustrated in Fig. 32(C). 

25 [0158] The phase correction timer 160 starts as illustrated in Fig. 32(D) {refer to starting points of arrows illustrated 
in Fig, 32(D)} by the interruption processing 1 based upon the position signal. And. the conduction width control timer 
169 starts as illustrated in Fig. 32(E) {refer to starting points of arrows illustrated in Fig. 32(E)} at every output of the 
count-over signal {refer to ending points of arrows illustrated in Fig. 32(D)} from the phase correction timer 160 for which 
is controlled the timer value which is set based upon the phase amount command as illustrated in Fig. 32(M). 

30 [0159] The inverter mode is advanced by every 1 step as illustrated in Fig. 32(N). and ON-OFF conditions of the 
switching transistors 121u1. 121u2. 121v1. 121v2. 121w1, 1 21 w2 of the inverter circuitry 121 are changed correspond- 
ing to the inverter mode as illustrated in Rg. 32(F) to Fig. 32(K), at every output of the count-over signal from the phase 
correction timer 1 60 {refer to ending points of arrows illustrated in Fig. 32(D)} and at every output of the count-over sig- 
nal from the conduction width control timer 169 {refer to ending points of arrows illustrated in Fig. 32(E)). Further, each 

35 switching transistor is applied chopper control by the PWM section 164 based upon the inverter output voltage illus- 
trated in Fig. 32(L). The dashed line illustrated in Fig. 32(L) represents the output (average voltage) from the speed con- 
trol section 154, and the solid line illustrated in Fig.- 32(L) represents the output (compensation voltage) from the 
multiplication section 166. 

[0160] Further, the phase control becomes a control system with 1 sample delay in connection to the timer process- 
40 ing. 

[0161] Fig. 33 is a block diagram illustrating an arrangement of a micro-processor which is a main section of a syn- 
chronous motor driving device of a further embodiment according to the present invention, 

[01 62] This synchronous motor driving device is different from the synchronous motor driving device illustrated in Fig. 
30 in that a compensation phase coefficient generation section 168 for obtaining and outputting a compensation phase 

45 coefficient by inputting the integration signal level detection signal output from the integration signal level detecting cir- 
cuitry 127 (refer to Fig. 21) and the compensation phase pattern output from the compensation phase pattern mode 
selection section 156 is employed instead of the compensation phase coefficient generation section 155, and wherein 
the compensation phase coefficient output from the compensation phase pattern mode selection section 156.and the 
compensation phase coefficient output from the compensation phase coefficient generation section 168 are multiplied 

so so as to obtain and output the compensation phase amount command. 

[01 63] Fig. 34 is a flowchart useful in understanding the operation for obtaining a compensation phase amount com- 
mand. 

[0164] In step SP1, a compensation phase pattern mode is read, in step SP2. a compensation phase pattern (for 
example, sin 6 n ) is read based upon the compensation phase pattern mode, in step SP3. an integration signal level 
55 detection signal is compared with a predetermined value so that it is judged whether or not the integration signal level 
detection signal is greater. 

[0165] When it is judged that the integration signal level detection signal is greater, in step SP4, a compensation 
phase coefficient K is increased by 6 sin 0 n . On the coritrary. when it is judged that the Integration signal level detec- 
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tion signal Is smaller, in step SP5, the compensation phase coefficient K is decreased by 5 sin e n . Wherein, 5 is a con- 
stant which is experimentally determined. 

[0166] After the processing in step SP4 or step SP5 has performed, in step SP6, the compensation phase pattern is 
multiplied by the coefficient so as to calculate a compensation phase amount command ( = K x sin 8 n ). then the oper- 
5 ation is finished. 

[0167] Therefore, the pattern of the phase changing component is successively corrected so as to determine the inte- 
gration signal level detection signal to be a predetermined value, as a result, control with efficiency is securely carried 
out. 

[0168] Operation is described in more detail. 
10 [0169] Fig. 35 is a chart illustrating a relationship between an integration signal level and a phase changing compo- 
nent. Wherein, a dashed line illustrated in Fig. 35 is an integration signal level which makes an efficiency to be a max- 
imum efficiency. 

[0170] Therefore, when a polarity of the compensation phase pattern sin 6 n is negative (the phase changing com- 
ponent corresponds to advancing compensation period). 

IS 

(1) when the integration signal level detection signal is greater than the predetermined value, the coefficient K is 
determined to be smaller and the compensation phase amount is determined to be smaller (it is equivalent to deter- 
mining the phase advancing amount to be smaller, because the phase change component corresponds to advanc- 
ing compensation period). Consequently, the integration signal level is determined to be smaller. 
20 (2) when the integration signal level detection signal is smaller than the predetermined value, the coefficient K is 
determined to be greater and the compensation phase amount is determined to be greater (it is equivalent to deter- 
mining the phase advancing amount to be greater, because the phase change component con-esponds to advanc- 
ing compensation period). Consequently, the integration signal level is determined to be greater. 

25 [0171] On the contrary, when a polarity of the compensation phase pattern sin G n is positive (the phase change 
component corresponds to delaying compensation period). 

(1) when the integration signal level detection signal is greater than the predetermined value, the coefficient K is 
determined to be greater and the compensation phase amount is determined to be greater (it is equivalent to deter- 

30 mining the phase advancing amount to be smaller, because the phase change component corresponds to delaying 

compensation period). Consequently, the integration signal level is determined to be smaller. 

(2) when the integration signal level detection signal is smaller than the predetermined value, the coefficient K is 
determined to be smaller and the compensation phase amount is determined to be smaller (it is equivalent to deter- 
mining the phase advancing amount to be greater, because the phase change component corresponds to delaying 

35 compensation period). Consequently, the Integration signal level is determined to be greater. 

[0172] As a result, controlling with efficiency is securely carried out. 

[0173] Fig. 36 is a block diagram illustrating an arrangement of a micro-processor which is a main section of a brush- 
less DC motor driving device of an embodiment of the present invention. Arrangement of a section other than the micro- 
40 processor is similar as that of the arrangement illustrated in Fig. 21 , therefore detailed description is omitted. Further, a 
brushless DC motor is employed as the synchronous motor. Furthermore, this brushless DC motor driving device car- 
ries out a speed control using a voltage amplitude. 

[0174] A magnetic pole position detection signal output from a position detector Is supplied to an exterior interruption 
terminal of the micro-processor. In the micro-processor, an interruption processing for a phase correction timer 18a. 

45 interval measurement timer 18b, and compensation voltage pattern mode selection section 19g". and an interruption 
processing for a compensation phase pattern mode selection section 19m (refer to interruption processing 1 In Fig. 36) 
are carried out by the magnetic pole position detection signal supplied to the exterior interruption terminal. Wherein, the 
phase correction timer 18a is set a timer value by a timer value calculating section 19a (described later). The interval 
measurement timer 18b obtains a timer value by measuring an Interval of the magnetic pole position detection signal 

50 and supplies the timer value to a position signal interval calculating section 1 9b which is included in a CPU 1 9. The posi- 
tion signal interval calculating section 19b receives the timer value from the interval measurement timer 18b, calculates 
intervals of voltage patterns of stator windings 13u, 13v and 13w. and outputs a position signal interval signal which rep- 
resents an interval. The phase correction timer 18a supplies a count-over signal to an inverter mode selection section 
19c which is included in the CPU 19 and carries out an Interruption processing (refer to the interruption processing 2 in 

55 Fig. 36). The inverter mode selection section 19c reads out a corresponding voltage pattern from a memory 18c and 
outputs the voltage pattern therefrom. The compensation voltage pattern mode selection section 19g" reads out a cor- 
responding compensation voltage pattern from the memory 18c and outputs the compensation voltage pattern there- 
from. The compensation phase pattern mode selection section 19m reads out a corresponding compensation phase 
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pattern from the memory 18c and outputs the compensation phase pattern therefrom. In the CPU 19. an calculation is 
earned out based upon the timer value by the position signal interval calculating section 19b so as to output a position 
signal interval signal. The position signal interval signal is supplied to the timer value calculating section 19a and a 
speed calculating section 19e. The speed calculating section 19e calculates a present speed based upon the position 
signal interval signal from the position signal interval calculating section 19b and supplies the present speed to a speed 
control section 19f. A speed command is also supplied to the speed control section 19f. The speed control section 19t 
outputs an average voltage command based upon the speed command and the present speed from the speed calcu- 
lating section 19e. The compensation phase pattern output from the compensation phase pattern mode selection sec- 
tion 1 9m and an average phase amount command are supplied to an adder 19n. and a sum of the both is supplied as 
a phase amount command to the timer value calculating section 1 9a. The timer value calculating section 1 9a calculates 
the timer value v^hich is to be set in the phase correction timer 18a based upon the phase amount command and the 
position signal interval signal from the position signal interval calculating section 19b. The average voltage command 
and the compensation voltage pattern output from the compensation voltage pattern mode selection section I9g" are 
supplied to an adder 19h, and a sum of the both is output as a voltage command. And. the voltage pattern output from 
the inverter mode selection section 19c and the voltage command output from the adder 19h are supplied to a PWM 
(pulse width modulation) section 18d. The PWM section 18d outputs voltage commands for three phases. These volt- 
age commands are supplied to a base driving circuitry 20. The base driving circuitry 20 outputs control signals each of 
which is to be supplied to each base terminal of switching transistors 121u1, 121u2. 121 v1. 121v2. 121 w1 and 121 w2 
of the inverter. Further, in the above description, each component section included within the CPU 19 is merely repre- 
sented its functional section for performing corresponding function as the component section. Those component sec- 
tions do not exist in the CPU 19 under a condition that each component section is clearly distinguished. 
10175] Then, an operation of the brushless DC motor driving device illustrated in Fig. 36 is described by referring to 
waveform diagrams illustrated In Figs. 39. 

[01761 The position signal which is reversed its level periodically is output, as is illustrated in Fig. 39(A), The interrup- 
tion processing 1 is carried out at timings corresponding to standing and falling of the position signal. The compensation 
voltage pattern mode is changed, as is illustrated in Fig. 39(0). so that the compensation voltage pattern which is illus- 
trated in Fig. 39(B) is output. The compensation phase pattern mode is changed, as is illustrated in Fig. 39(E). so that 
the compensation phase pattern which is illustrated in Fig. 39(D) is output. The compensation phase pattei-n is deter- 
mined so that changing of peak value of the integration signal is reduced which is illustrated in Fig. 42. 
[0177] The sum of the compensation phase pattern and the average phase amount command is supplied to the timer 
value calculating section 19a as the phase amount command, and the timer value of the phase correction timer 18a is 
determined based upon the output from the timer value calculating section 19a. so that the timer value is increased or 
decreased, as is illustrated in Fig. 39(F). Though, the phase correction timer 18a has its timer value determined by the 
timer value calculating section 19a. the phase correction timer 18a is count-over when the phase correction timer per- 
forms a counting operation for the determined timer value {refer to the ending points of the arows in Fig. 39(F)}: The 
interruption processing 2 is carried out at every occurrence of the count-over of the phase correction timer 18a, so that 
the inverter mode selection section 19c advances the inverter mode by 1 step. That is. the inverter mode is selected in 
the order of "2" "3" "4" ... "0" "1" "2" ... . The ON-OFF condition of the switching transistors 121 u1. 121 u2. 121 v1. 121 v2. 
121w1 and 121w2 is controlled, as illustrated in Figs. 39(G) to 39(L). corresponding to each inverter mode, by advanc- 
ing the inverter mode by 1 step by the interruption processing 2. 

[0178] Further, the integration signal level and the inverter voltage phase have a relationship such that the level of the 
integration signal is increased by advancing the inverter voltage phase and that the level of the integration signal is 
decreased by delaying the inverter voltage phase, as is illustrated in Fig, 40. Therefore, the beat phenomenon in the 
integration signal is greatly reduced, as is illustrated in Figs. 41 . by carrying out the processing based upon the device 
illustrated in Fig. 36. so that the position signal (integration signal) is stabilized and the driving, range of the brushless 
DC motor is enlarged when the torque control is performed. Figs. 42 are charts illustrating the integration signal, motor 
speed and compensation voltage pattern when the determination of the timer value based upon the compensation 
phase pattern is not carried out. The beat phenomenon to some degree is generated in the integration signal. Further. 
Figs. 41 illustrate the integration signal, motor speed, compensation voltage pattern and compensation phase pattern. 
[0179] Therefore, it is understood that the beat phenomenon is greatly reduced by comparing Figs. 41 and Figs. 42. 
Furthermore, higher motor efficiency is realized in Figs. 41 than in Figs. 42. 

[0180] When the beat phenomenon of the integration signal is great, disadvantages arise in that detection of zero- 
cross becomes impossible because the level of the integration signal is too small so that detection of the position signal 
cannot be performed, and in that a normal integration operation becomes impossible due to saturation of a device so 
that detection of the position signal cannot be performed, for example. And. the brushless DC motor may stall due to 
those. But, such disadvantages are prevented from occurrence by employing the brushless DC motor driving device 
illustrated In Fig. 36. As a result, a vibration suppression affect can be improved and motor efficiency is improved 
because the torque control amount can be determined to be greater. 
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• .n step SP1 . t.e phase an.o.n. ---d is c^^^^^^^^^^ 
(average phase correction jgle) fr^^^^^^^^ ,33 ^3 calculated based upon 
pattern mode selection section 19m. in step SP2. ^ - ^ ^^e phase correction timer 18a. in step 
fhe phase amount command, in ^ep SP3.^e corj^^'^^^^^^^ measuTement timer 18b is stopped which has 
SP4, the phase correction timer 18a is started, n f ^^^^'^"^^^ timer value is read (is memo- 
started by the P^e^-"- ''SsTr^Te are o^^^^^^^^^^ °' °^ 'Tl 
rized). The operations in steps SP5 and SP6 °P^7°";;°' ^^^^ sp7. the interval measurement timer 18b 
Therefore, after the reading of the '"^rval measurement ^mer^^^^^ bK ^^.^..^^io^ ^ the memorized 
is immediately reset and is started again ^J;^ "f^^-^^^^^^^^ angle) is carried out. in step 
position signal interval (for example. <;f ;;"^!^'°"^/J°3^^^^^^ 13?s calculated based upon the position signal 

started in the interruption processing 1 . ^^.^rminoH in the memory 1 8c is advanced by 1 step; in step SP2. 

r^^z'cTJ^^rz^^^^^^ - — - 

processing. „„»„=.r,nomontc.f a micro-processor which is a main section of a brush- 

[0187] Fig. 43 is a block diagram illustrating an arrangement of a m,cro pro ^i^^o. 

control section 19f for outputting an average P^^^^^^^-JJ""* ^^^^^^ instead of the speed control sec- 

speed calculating section 19e and the speed ^o^^'^f.'^^^r^^l^^^^^ mode selection section 19m 

tion 1 9f . that the compensation phase pattern °"^P"' '^^^^^^ S^tain the phase amount command 

and the average phase amount ^.'^'^^^^..^^^^ '^mlr ^^^^^ 19a. and that the average voltage 

and the phase amount command is supplied *° ^^^^^J^^l^'"^,^^^^^^ the compensation voltage pattern mode 
SSrs:r l^rarr^^^^^ fo Snronage comma, and the voltage command is 

loTsTThr^pTa™ 

forms illustrated in Figs. 45. ^ . , 1 „«»rir^i^aiiw ic illustrated in Fig. 45(A). The interruption processing 

[0190] The position signal which is reversed '^taTfheSl"^^^^^ "he Compensation voltage pattern mode 
1 is carried out at every timing of standing and °* ^l^^ i„ustrSed in Fig. 45(D) is output. Also, 

changes, as is illustrated in Fig. *5(E)..so that the c^^^^^^^ ^^^^^ compensation pattern illus- 

the compensation phase pattern mode is changed, as is illustratea in rig ^ 

trated in Fig. 45(B) is output. „=>„orn and the averaqe phase amount command output from the speed 

[0191] The sum of the compensation phase pattern and ^^^^ ^^^^^f ^ /"^ ,^3 calculating section 19a so that the 
control section 19f is supplied as the P^f/J^^^^^^^^^^^^ 19- 
timer value in the phase correction timer 1 8a '^Jf ^^f'"'" p.g 45(F). Though this phase correction timer 

Therefore, the timer value is increased or ^fc^eased as is rilus^rated m w count-over when the 

1 8a is determined by the timer value calculating f^^'°" .^^^^^^^^^^ timer value {refer to the ending points 

phase correction timer 18a has performed a ^o""* opera ion fo^^^^^ ^mer. 
of the arrows in Fig. 45(F)}. The interruption proc^smg 2 .^^^^ ^^^^ ,^ .^^^er mode is 

18a so that the inverter mode selection section 19c advances ^l^^^^^^'^^^/^^^^^ of the switching transistors 
sequentially selected in the order of "2" "Sj 4 0 i corresponding to each inverter mode, as illustrated in 

similar as the brushless DC motor driving-device illustrated m F=ig. 36. 
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[01931 Fig 44 is a flowchart useful in understanding the operation of the interruption processing 1 . The external inter- 
ruption requirement is accepted at every standing edge and falling edge of the magnetic pole position detection signal 
(corresponds to the aisove excitement change-over signal) of the position detecting section. 

[01941 In step SP1 . the interval measurement timer 18b is stopped, in step SP2. interval measurement timer value is 
read me operations in steps SP1 and SP2 are operations for detecting an interval of edges of the position signal. 
Therefore after reading of the interval measurement timer value, in step SP3. the interval measurement timer 18b is 
immediately stopped and is started again for the next interval measurement. In step SP4. calculation of the mernorized 
position, signal interval (calculation of a count number per 1 degree in electric angle) is carried out. in step SP5. the 
present rotation speed of the brushless DC motor is calculated based upon the position signal interval calculation 
result in step SP6. the average phase amount command is calculated by carrying out the speed control based upon 
the speed command, in step SP7. the phase-amount command is obtained by adding the compensation phase pattern 
to the average phase amount command, in step SP8. the timer value to be set in the phase con-ection timer 1 8a is cal- 
culated based upon the phase amount command, in step SP9. the calculated timer value is set in the phase correction 
timer 18a in step SP10. the phase correction timer 18a is started. In step SP1 1 , the voltage command is output by add- 
ing the compensation voltage pattern to the average voltage command, then the operation returns to an original 

[Oigsr'The operation contents of the interruption processing Illustrated In Fig. 43 is similar to the operation of the flow- 
chart in Fig. 38. therefore description thereof is omitted. < v, u 
[01961 Fig. 46 is a block diagram illustrating an arrangement of a micro-processor which is a mam section of a brusn- 
less DC motor of yet another embodiment according to the present Invention. The block diagram illustrates the brush- 
less DC motor driving device in Fig. 36 in more detail. Further, the arrangement other than the micro-processor is 
similar to the arrangement in Fig. 21. therefore description thereof is omitted. Furthermore, this brushless DC motor 
driving device performs the speed control based upon the voltage amplitude. . ■-■ oe • 
[0197] This brushless DC motor driving device is different from the brushless DC motor dnving device in Fig. 36 in 
that a compensation voltage coefficient generation section 19i' for outputting a previously determined compensation 
voltage coefficient (a value between 0 and 1) based upon the present speed from the speed calculating section 19e. 
and a compensation phase coefficient generating section 19p for outputting a previously determined cpmpensaton 
phase coefficient (a value between 0 and 1) based upon the present speed from the speed calculating secton 19e are 
further provided. A multiplication section 1 9j Is further provided for outputting a compensation voltage pattem by input- 
ting the average voltage command output from the speed control section 19f. the compensation voltage coeffiaent out- 
put from the compensation voltage coefficient generation section 1 9i' and the compensation voltage pattern ou^ut from 
the compensation voltage pattern mode selection section 19g". A multiplication section 19q is further provided for out- 
putting a compensation phase pattern by inputting the average phase amount command given from the exterior, the 
compensation phase coefficient output from the compensation phase coefficient generation section 19p and the com- 
pensation phase pattem output from the compensation phase pattern mode selection section 19m. Thus, the average 
voltage command output from the speed control section 19f and the compensation voltage pattern output from the mul- 
tiplication section 1 9j are supplied to the adder 19h and the sum of the both is output as the voltage command, and the 
average phase amount command given from the exterior and the compensation phase pattern output from the mu^ipli- 
cation section 19q are supplied to the adder 19n and the sum of the both is output as the phase amount command_ 
[0198] Figs 47 and 48 are a flowchart useful in understanding an operation of the Interruption processing 1 in Fig. 
46. The external interruption requirement is accepted at standing edges and falling edges of the magnetic pole position 
detection signal (corresponds to the above excitement change-over signal) of the position detection section. 
[0199] In step SP1 . the interval measurement timer 1 8b is stopped, in step SP2. the interval measurement timer value 
is read. The operations in steps SP1 and SP2 are operations for detecting an interval of the edges of the position signaK 
Therefore, after the reading of the interval measurement timer value. In step SP3, the interval measurement timer 1 8b 
is immediately reset and is started again for the next interval measurement. In step SP4. calculation of the memorized 
position signal interval (for example, calculation of a count number per 1 degree in electric angle) is carried out. m step 
SP5 the present speed of the brushless DC motor is calculated based upon the position signal interval calculation 
result in step SP6. the compensation phase pattern is read based upon the compensation phase pattern mode, in step 
SP7. the compensation phase pattern mode is advanced by 1 step. In step SP8. the compensation phase coefficient is 
read based upon the present speed, in step SP9, the compensation phase is calculated by multiplying the multiplicaton 
result of the average phase amount command and the compensation phase coefficient to the compensation phase pat- 
tern in step SP10. the phase amount comnrand is calculated by adding the compensation phase and the average 
phase amount command, in step SP1 1 . the timer value which shouW be set in the phase correction timer 18a is calcu- 
lated based upon the phase amount command, in step SP12. the timer value is set in the phase correction tnier I8a. 
in step SP13 the phase correction timer 18a is started. In step SP14, the average voltage command is calculated by 
performing the speed control based upon the speed command given from the exterior. In step SP15. the compensaton 
voltage pattern is read based upon the compensation voltage pattern mode. In step SP16, the compensation voltage 
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pattern mode is advanced by 1 step. In step SP1 7. the compensation voltage coefficient is read based upon the present 
rotation speed In step SP1 8. the compensation voltage is calculated by multiplying the multiplication result of the aver- 
age voltage amount command and the compensation voltage coefficient to the compensation voltage pattern. In step 
SP19. the voltage command is calculated by adding the compensation voltage and the average voltage command, then 

the operation returns to an original processing. 

[0200] The operation contents of the interruption processing 2 in Fig. 46 is similar to the operation of the flowchart in 
Fig. 38. therefore description thereof is omitted. 

[0201 ] Therefore, operations and effects which are similar to those of the brushless DC motor dnving device in Rg. 
36 are realized when this brushless DC motor driving device is employed. 

[0202] Further, in this embodiment, the compensation phase pattern mode selection section 19m selects the com- 
pensation phase pattern so as to suppress the beat phenomenon of the integration signal. But. it is possible that the 
inverter interval is divided, the level of the integration signal is judged whether it is great or small at every divided inter- 
val, and in responding to the judgment result, the inverter voltage phase is delayed when the level of the integration sig- 
nal is great, or the inverter voltage phase is advanced when the level of the integration signal is small. 
[0203] Fig. 49 is a block diagram illustrating an arrangement of a micro-processor which is a main section of a brush- 
less DC motor of a yet further embodiment according to the present invention. The block diagram illustrates the brush- 
less DC motor driving device in Fig. 43 in more detail. Further, the arrangement other than the micro-processor is 
similar to the arrangement in Fig. 21, therefore description thereof is omitted. Furthermore, this brushless DC motor 
driving device performs the speed control based upon the phase amplitude. 

[0204] This brushless DC motor driving device is different from the brushless DC motor driving device in Fig. 43 in 
that a compensation voltage coefficient generation section 19i' for outputting a previously determined compensation 
voltage coefficient (a value between 0 and 1) based upon the present speed from the speed calculating section 19e. 
and a compensation phase coefficient generating section 19p for outputting a previously determined compensation 
phase coefficient (a value between 0 and 1) based upon the present speed from the speed calculating section 19e are 
further provided. A multiplication section 19] is further provided for outputting a compensation voltage pattern by input- 
ting the average voltage command given from the exterior, the compensation voltage coefficient output from the com- 
pensation voltage coefficient generation section 19i* and the compensation voltage pattern output from the 
compensation voltage pattern mode selection section 19g". A multiplication section 19q is further provided for output- 
ting a compensation phase pattern by inputting the average phase amount command output from the speed controlling 
section 19f the compensation phase coefficient output from the compensation phase coefficient generation section 19p 
and the compensation phase pattern output from the compensation phase pattern mode selection section 19m. Hence, 
the average voltage command given from the exterior and the compensation voltage pattern output from tiie multiplica- 
tion section 19j are supplied to the adder 19h and the sum of the both is output as the voltage command, and wherein 
the average (Dhase amount command output from the speed control section 19f and the compensation phase pattern 
output from the multiplication section 19q are supplied to the adder 19n and the sum of the both is output as the phase 

amount command. • < • c- 

[0205] Figs 50 and 51 are a flowchart useful in understanding an operation of the inten-uption processing 1 in Fig. 
49. The external interruption requirement is accepted at standing edges and falling edges of the magnetic pole position 
detection signal (corresponds to the above excitement change-over signal) of the position detection section. 
[0206] In step SP 1 . the interval measurement timer 1 8b is stopped, in step SP2. the interval measurement timer value 
is read The operations in steps SP1 and SP2 are operations for detecting an interval of the edges of the position signal. 
Therefore after the reading of the interval measurement timer value, in step SP3. the interval measurement timer 18b 
is immediately reset and is started again for the next interval measurement. In step SP4. calculation of the menionzed 
position signal interval (for example, calculation of a count number per 1 degree in electric angle) is earned out, iri step 
SP5 the present speed of the brushless DC motor is calculated based upon the position signal interval calculation 
result in step SP6, the average phase amount command is calculated by performing the speed control based upon the 
speed command given from the exterior, in step SP7, the compensation phase pattern is read based upon the compen- 
sation phase pattern mode, in step SP8. the compensation phase pattern mode is advanced by 1 step. In step SP9. the 
compensation phase coefficient is read based upon the present speed, in step SP10. the compensation phase is cal- 
culated by multiplying the multiplication resutt of the average phase amount command and the compensation phase 
coefficient to the compensation phase pattern, in step SP11. the phase amount command is calculated by adding ttie 
compensation phase and the average phase amount command, in step SP12. the timer ^^l^e which should be seU 
the phase correction timer 18a is calculated based upon the phase amount command, in step SP13, timer value is 
set in the phase correction timer 18a. in step SP14. the phase correction timer 18a is started Jn step SP1 5. the com- 
pensation voltage pattern is read based upon the compensation voltage pattern mode, in step SP16. t^e compensat on 
voltage pattern mode is advanced by 1 step, in step SP1 7. the compensation voltage coefficient is read based upon the 
present rotation speed, in step SP18. the compensation voltage is calculated by multiplying the multiplication result of 
the average voltage amount command and the compensation voltage coefficient to the compensation voltage pattern. 
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in step SP19, the voltage command is calculated by adding the compensation voltage and the average voltage com- 
mand, then the operation returns to an original processing. 

[0207] The operation contents of the interruption processing 2 in Fig. 49 is similar to the operation of the flowchart in 
Fig. 38, therefore description thereof is omitted. 
5 [0208] Therefore, operations and effects which are similar to those of the brushless DC motor driving device in Fig. 
43 are realized when this brushless DC motor driving device is employed. 

Industrial Applicability 

10 [0209] The present invention can realize the torque control for reducing low speed vibration of a cyclic intermittent 
load with a maximum efficiency condition and with a practical arrangement, and is applicable to various applications in 
which a cyclic intermittent load is driven using a synchronous motor or brushless DC motor. 



Claims 

1 . A synchronous motor driving method comprising the step of; 



superposing a varying amount upon an amplitude and a phase of a current waveform or voltage waveform 
when torque control is performed for suppressing speed change within one rotation by a synchronous motor 
20 (6) controlled with an inverter (5) (5b) (25) (45) (65) (85) (105) (121) which motor (6) drives a load having a 

cyclic torque change. 

2. A synchronous motor driving method as set forth in claim 1 . wherein a varying amount in phase is controlled based 
upon a varying amount in amplitude which is controlled based upon an output of a torque control section (10) (30) 

25 (70) (110). 

3. A synchronous motor driving method as set forth in claim 1. wherein a varying amount in amplitude is controlled 
based upon a varying amount in phase which is controlled based upon an output of a torque control section (50) 
(90). 

30 

4- A synchronous motor driving method as set forth in claim 1 . wherein a varying amount In amplitude is controlled 
based upon an output of a torque control section (10) (30) (70) (110). and a varying amount in phase is controlled 
based upon a detection amount which is related to efficiency 

35 5. A synchronous motor driving method as set forth in claim 1 , wherein a varying amount in phase is controlled based 
upon an output of a torque control section (50) (90). and a varying amount in amplitude is controlled based upon a 
detection amount which is related to efficiency. 

6. A synchronous motor driving method as set forth in one of claims 1 to 5. wherein an amount corresponding to a 
40 fundamental wave and lower harmonics is employed as the varying amount. 

7. A synchronous motor driving method as set forth In one of claims 1 to 5, wherein an amount corresponding to a 
fundamental wave is employed as the varying amount. 

45 8. A synchronous motor driving method as set forth in one of claims 1 to 5. wherein a third harmonic is superposed 
upon the varying amount in amplitude. 

9. A synchronous motor driving method as set forth in one of claims 1 to 8, wherein a difference between a first center 
point voltage and a second center point voltage is integrated so as to detect a magnetic pole position of a rotor (6a) 
50 of the synchronous motor (6); the first center point voltage being obtained by resistances {122u) (122v) (122w). 

each having one end which is connected to an output terminal of each phase of the inverter (121) and another end 
which is connected to one another, and the second center point voltage being obtained by connecting one end of 
a stator winding (6u) (6v) (6w) of each phase of the synchronous motor (6) to one another. 

55 10. A compressor driving method Is a method for driving a one cylinder compressor using a synchronous motor (6) 
which is driven by the synchronous motor driving method according to one of claims 1 to 9. 

1 1 . A synchronous motor driving device comprising; 
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inverter control means (8) (1 0) (28) (30) (48) (50) (68) (70) (88) (90) (1 08) (11 0) (1 26) for controlling an inverter 
(5) (5b) (25) (45) (65) (85) (105) (121) so as to superpose a varying amount upon an amplitude and a phase 
of a current waveform or voltage waveform when torque control Is performed for suppressing speed change 
within one rotation by a synchronous motor (6) controlled with an inverter (5) (5b) (25) (45) (65) (85) (1 05) (1 21) 
5 which motor (6) drives a load having a cyclic torque change. 

12. A synchronous motor driving device as set forth In claim 11. wherein the inverter control means (8) (10) (28) (30) 
(48) (50) (68) (70) (88) (90) (108) (110) (126) is means for controlling a varying amount In phase based upon a var- 
ying amount in amplitude which is controlled based upon an output of a torque control section (10) (30) (110). 

10 

13. A synchronous motor driving device as set forth in claim 11, wherein the inverter control means (48) (50) (126) is 
means for controlling a varying amount in amplitude based upon a varying amount in phase which is controlled 
based upon an output of a torque control section (50). 

75 14. A synchronous motor driving device as set forth in claim 1 i, wherein the inverter control means (68) (70) (126) is 
means for controlling a varying amount in amplitude based upon an output of a torque control section (70) and for 
controlling a varying amount in phase based upon a detection amount corresponding to efficiency. 

15. A synchronous motor driving device as set forth in claim 11, wherein the inverter control means (88) (90) (126) is 
20 means for controlling a varying amount in phase based upon an output of a torque control section (90) and for con- 
trolling a varying amount in amplitude based upon a detection amount con-esponding to efficiency. 

16. A synchronous motor driving device as set forth in one of claims 1 1 to 15. whereir? the inverter control means (8) 
(10) (28) (30) (48) (50) (68) (70) (88) (90) (108) (110) (126) employs an amount con-esponding to a fundamental 

25 wave and lower harmonics as the varying amount. 

17. A synchronous motor driving device as set forth in one of claims 1 1 to 15. wherein the inverter control means (8) 
(10) (28) (30) (48) (50) (68) (70) (88) (90) (108) (110) (126) employs an amount corresponding to a fundamental 
wave as the varying amount. 

30 

18. A synchronous motor driving device as set forth in one of claims 1 1 to 15. wherein the inverter control means (8) 
(10) (28) (30) (48) (50) (68) (70) (88) (90) (108) (110) (126) Is means for superposing a third harmonic upon the 
varying amount in amplitude. 

35 19. A synchronous motor driving device as set forth in one of claims 1 1 to 18, further comprising resistances (122u) 
(122v) (122w), each having one end which is connected to an output terminal of each phase of the inverter (121) 
and another end which is connected to one another so that a first center point voltage is obtained, stator windings 
(6u) (6v) (6w) of each phase of the synchronous motor (6) each of which is connected at one end to one another 
so that a second center point voltage is obtained, integration means (124a) (124b) for integrating a difference 

40 between the first center point voltage and the second center point voltage and for obtaining an integration signal, 
and magnetic pole position detection means (125) for detecting a magnetic pole position of a rotor (6a) of the syn- 
chronous motor (6) based upon the integration signal. 

20. A compressor driving device comprising; 

45 

a one cylinder compressor, and 

a synchronous motor for driving the one cylinder compressor which is driven by the synchronous motor driving 
device according to one of claims 1 1 to 19. 

50 21. A brushless DC motor driving, device comprising; 

resistances (122u) (122v) (122w), each having one end which is connected to an output terminal of each 
phase of an inverter (121) and another end which is connected to one another so that a first center point volt- 
age is obtained, 

55 stator windings (6u) (6v) (6w) each corresponds to each phase of a brushless DC motor (6). each of which sta- 

tor windings (6u) (6v) (6w) is connected at one end to one another so that a second center point voltage Is 
obtained, 

integration means (124a) (124b) for integrating a difference between the first center point voltage and the sec- 
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ond center point voltage and for ol3taining an integration signal, 

magnetic pole position detection means (125) for detecting a magnetic pole position of a rotor (6a) of the 
brushless DC motor (6) based upon the integration signal, 

inverter control means (18) for controlling the inverter (121) so that a changing voltage which is advanced wtth 
5 respect to a phase of a load toique is superposed upon an average value voltage command m synchronism 

with intermittence of the load torque for applying to the brushless DC motor (6) . and 

peak value change suppression means (19m) (19n) (19a) for suppressing change in peak value of the integra- 
tion signal. 

10 22. A brushless DC motor driving device as set forth in claim 21 . wherein the peak value change suppression means 
(19m) (19n) (19a) includes division means for dividing an inverter interval, judgment means forjudging whether the 
integration signal level is great or small for every divided interval, and inverter voltage phase control means (19m) 
(19n) (19a).for retarding the inverter voltage phase responding to the judgment result representing that the level of 
the integration signal is great and for advancing the inverter voltage phase responding to the judgment result rep- 

75 resenting that the level of the integration signal is small. 

23. A brushless DC motor driving device comprising; 

resistances (122u) (122v) (122w). each having one end which is connected to an output terminal of each 
20 phase of an inverter (121) and another end which is connected to one another so that a first center point volt- 

age is obtained, 

stator windings (6u) (6v) (6w) each corresponding to each phase of a brushless DC motor (6) each of which 
stator windings (6u) (6v) (6w) is connected at one end to one another so that a second center point voltage is 
obtained, 

25 integration means for integrating a difference between the first center point voltage and the second center point 

voltage and for obtaining an integration signal. 

magnetic pole position detection means (123a) (124a) (124b) (125) for detecting a magnetic pole position of a 
rotor (6a) of the brushless DC motor (6) based upon the integration signal. 

inverter control means (18) for controlling the inverter (121) so that a changing phase which is advanced with 
30 respect to a phase of a load torque is superposed upon an average value phase command in synchronism with 

intermittence of the load torque for applying to the brushless DC motor, and 

peak value change suppression means (1 9m) (1 9n) (1 9a) for suppressing change in peak value of the integra- 
tion signal. 

35 24. A brushless DC motor driving device as set forth in claim 23. wherein the peak value change suppression means 
(19m) (19n) (19a) includes division means for dividing an inverter interval, judgment means forjudging whether the 
integration signal level is great or small for every divided interval, and inverter voltage amplitude control means for 
increasing the inverter voltage amplitude responding to the judgment result representing that the level of the inte- 
gration signal is great and for decreasing the inverter voltage amplitude responding to the judgment result repre- 

40 senting that the level of the integration signal is small. 
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Fig. 5 
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F i g. 6 



C START, ) 



SPl 



Rotor position fl is input 



Rotation speed u/is calculated from the rotor position 0 



Difference between a real speed and a speed command 

* is applied PI operation and an average current 
amplitude coraroand is obtained 



S?2 



. SP3 



^SP4 



Torque controlling operation is carried out so that a 
changing component of the current amplitude is obtained 
from 'a changing component 'of the real speed 



The average current amplitude command and the changing 
component of the current amplitude are aclJed so as to 
obtain and memorize an amplitude command 



Changing component of the current amplitude is 
multiplied with a coefficient, then is shifted so as 
to obtain a changing component of a current phase 



I/' 



SP5 



SP6 



,SP7 



Average phase conmiand & * from exterior and the changing 
component of the current phase are added so as to obtain 
and memorize a phase command 



SP8 



/ 



Memorized current amplitude and phase command are. 
supplied t'o the three phase alternate current calculation 
section 



A current of each phase is obtained and is supplied to 
the current-fed inverter 



/ 



SP9 



END ) 
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Fig 7 
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Fig. 8 



C START ~^ 



Rotor position 0 is input 



SPl 



.,SP2 



Rotation speed a/ is calculated from the rotor position^ 



>SP3 



Difference between a real speed <^ and a speed coramand 
^ ♦ is applied PI operation so as to obtain an average 
current amplitude command 



..SP4 



Torque controlling operation is carried out by inputting 
the real speed and the rotor position 
" 6' so as to obtain a changing component in current 
amplitude from a real speed changing component 

The average current amplitude command and the changing 
component in current amplitude are added so as to obtain 
and memorize an amplitude command 



C 



Changing component in current amplitude is multiplied by 
a coefficient and then shifted so as to obtain a changing 
component in current phase" 



Average phase command 8 * and the changing corafronent in 
current phase are added so as to obtain and memorize a 
phase coramajid' 



Memorized current coramand and phase command are supplied 
to the three phase alternate current calculation section 



Each phase current is obtained and is supplied to the 
current-fed inverter 



END 
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F i g. 1 0 



( START ) 



A rotor position" e is input 



Rotation speed a, is calculated from the rotor position d ' 



Difference between a real speed and a speed command 
« ♦ is applied PI operation so as to obtain an average 
voltage amplitude command 



Torque controlling operation is carried out by inputting 
the real speed to and the rotor position a so as to obtain 
a changing component in voltage amplitude from a real speed 
changing component ' 



Average voltage amplitude command and the changing component 
in voltage amplitude are added so as to obtain and memorize 
an amplitude command 



Changing component in voltage amplitude is multiplied by a 
coefficient and is then shifted so as to obtain a changing 
component in voltage phase 



Average phase command ■» * and the changing component in . 
voltage phase are added so as to obtain and memorize a phase 
command 



Memorized amplitude command and phase command are supplied 
to the three phase alternate current calculation section 



Each phase voltage is obtained and is supplied to the 
voltage-fed inverter •. -j 
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Fig. 12 



C START ) 



Rotor position 9 is input 



■yspi 



Rotation speed o) is calculated from the rotor position ^ 



ySP2 



Difference between a real speed o> and a speed command ^ * 
is applied PI operation so as to obtain an average voltage 
phase command 



Torque Gontrolling operation is carried out by inputting the 
r^al speed « and the rotor position 9 so as to obtain a 
changing component in voltage phase from a real speed changing 
component 



SP3 



SP4 



Average voltage phase command and the changing component in 
voltage phase are added so as to obtain and memorize a phase 
command 



SP5 
1/ 



Changing component in voltage phase is multiplied by a 
coefficient and is then shifted so as to obtain a changing 
component in voltage amplitude 



SP6 

/ 



SP7 



Average amplitude command Vra* and the changirfg component in 
voltage amplitude are added so as to obtain and memorize an 
amplitude tforamand 



Memorized amplitude command and phase command are supplied 
to the three phase alternate current calculation section 



Each phase voltage is obtained and is supplied to the 
voltage-fed inverter 
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Fig. 14 



C START ) 



SPl 



Rotor position 9 is input 



Rotation speed w is calculated from the rotor position 



Difference between a real speed. and a speed command ^ ♦ 
is applied PI operation so as to obtain an average voltage 
amplitude command 

Torque controlling operation is carried out by inputting 
the real speed o> and the rotor position e so as to obtain 
a changing component in voltage amplitude from a real speed 
changing component 

Average voltage amplitude command and the changing component 
in voltage amplitude are added so as to obtain and memorize 
an amplitude command 



tSP2 
/ 



SP3 



SP4 



SP5 
/ 



Changing component in voltage phase is applied controlling 
and operating in response to a size of an inverter input 
current 

Average phase command ^ * and the changing component in 
voltage phase are added so as to obtain and memorize a 
phase corafoand 

Meraori-z«d amplitude command and phase command are supplied 
to the three phase alternate current calculation section 



SP6 



SP7 
1/ 



SP8 



Eac*h phase voltage is obtained and is supplied to the 
voltage-fed inverter 
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Fig. 16 



Torque - 



Compression Torque 




0 •• 



Rotation Angle 
(time) 



Fig. 17 



t 



iorque 
r 



DC First Second 
Order Order 



Frequency 



46 



EP 0 982 844 A1 



O 




c 

Q 



c/1 bo 
o c 
cu c 
+J o 
u o.^ 

O O) 4-> 
4-> +-> O 

o CI 

OS O CO 



Pi 

<D 03 

r-l > 

O c 



CD 
<u 
I— < 

C 

CO 
<0 



00 
O 




47 



EP 0 982 844 A1 



Fig. 19 



( START ) 



c 



Rotor position e is input 



Rotation speed qj is calculated from the rotor position ' 9 



Difference between a real speed <^ and a speed command 

is applied PI operation so as to obtain an average voltage 

ampl i tude . command 



Torque controlling operation is carried out by inputting 
the real speed co and the rotor position e so as to 
obtain a changing component in voltage amplitude from a 
real speed changing component - 



Adding a third order harmonic of phase for reducing a peak 
to the changing component of voltage amplitude so as to 

calculate a new changing component of voltage amplitude 



Average voltage amplitude command and the new changing, 
component in voltage amplitude are added so as to obtain 
and memorize an amplitude command 



New changinjg component in voltage phase is multiplied by 
a coefficient, ^is then shifted, so that a changing 
component of voltage phase is obtained 



Average phase command « ♦ from exterior and the changing 
component in voltage phase are added so as to obtain and 
memorize a phase command 
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Memorized amplitude command and phase command are supplied 
to the three phase alternate current calculation section 
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END 



Each phase voltage is obtained and is supplied to the 
voltage-fed inverter 
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Fig. 24 



C Interruption Processing T) 
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Value, for the phase correction timer is calculated from the phase 
quantity command 



SPl 
1/ 



Phase correction timer value is set in the phase correction timer 



SP2 



Phase correction timer is started 



SP3 



Interval measurement timer 1 is stopped 



SP4 



Value of the interval measurement timer is read 



SP5 



Interval measurement timer is started 



SP6 



Interval of the position signal is calculated 



SP7 



Motor rotation speed is calculated from the calculation result of the 
interval of the position signal 



SP8 



Speed changing is calculated based upon the motor rotation speed and 
the speed command 



SP9 



PI operation is carried out to the speed change, and the average 
voltage amplitude command is calculated ' 
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SPIO 



Average value of the size of the 
speed changing is calculated and 
the changeover signal is output 



^ Compensati-on voltage amplitude 

is calculated based upon the 
speed changing and the 

changeover signal 



SP13 



Compensation voltage amplitude 
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Fig. 2 5 
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Fig. 2 6 
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Fig. 2 7 
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Fig. 2 9 
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Fig. 3 2 
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Fig. 33 
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Fig. 36 
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Fig. 3 7 
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Fig. 3 9 
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Fig. 40 
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Fig. 43 
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Fig. 4 4 
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Fig. 4 5 
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Fig. 46 
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Fig. 4 7 
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Fig. 49 
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